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ABSTRACT 
A preliminary calibration was performed of STORM, the Stormwater 
Treatment Overflow Runoff Model, for the Monocacy Creek Watershed in 
Pennsylvania. The computer model was calibrated by varying parameters 
until its runoff predictions for four historical rainstorms approximated 
the observed surface runoff volumes calculated from stream hydrographs. 
Both computational methods used in the model, the Coefficient Method 
and the Modified Soil Conservation Service Curve Number Technique, 
were calibrated. In addition, typical pollutant accumulation rates 
were assumed and used to illustrate pollutant washoff predictions. 
Finally, STORM was used to predict runoff quantity and pollutant 
washoffs for three stages of potential future watershed development. 
Of the eight runoff volume predictions generated by the calibrated 
model, five were within 6% of observed values for the calculated hydrograph 
volumes. Predicted pollutant washoffs were generally larger for higher 
runoff intensities, larger runoff quantities, and more urban land uses. 
The predictions of runoff volume and pollutant washoff both generally 
increased with urbanization for the potential future watershed development 
stages. 
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1. INTRODUCTION 
The emphasis of water pollution control has traditionally been focused 
on point discharges from sanitary sewers, municipal treatment plant 
effluents, and industrial discharges. Between 1972 and 1977, $18 billion 
in federal grants were authorized for the construction of sewers and 
treatment plants, while delays in implementation of other sections of the 
Federal Water Pollution Control Act resulted in little progress in the 
control of nonpoint sources of pollution (5). However, nonpoint discharges 
of stormwater runoff from urban and rural land have been identified as a 
larger source of pollutants than point source discharges. For example, the 
1975 National Residuals Discharges Inventory (4) estimated that 97% of the 
total suspended solids (TSS) and 82% of the biochemical oxygen demand (BOD) 
entering the nation's surface waters were from nonpoint sources •. The 
National Commission on Water Quality has concluded that, 
" ..• in some areas, regulation of point source discharges alone would 
not improve water quality enough to meet the water quality goals. '11 
A wide range of pollutants are commonly found in stormwater runoff. 
Fecal bacteria are found in runoff from feedlots, grazing land, and urban 
areas. Agricultural lands are the primary source of synthetic organic 
pesticides and herbic-ides in stormwater runoff and in stream sediments, 
as well as a source of eroded soil sediment. Urban stormwater runoff 
contributes heavy metals, oxygen-demanding organic material, eroded soil 
sediment, and fallout of air pollutants to stream pollution. Urban land, 
in addition, is typically highly impervious, and rainwater which might 
otherwise infiltrate into the soil and recharge groundwater aquifers instead 
1Council on Environmental Quality, Environmental Quality--1976, the Seventh 
Annual Report of the Coun1~il on Environmental Quality, U.S. Government 
Printing Office, Washington, DC, September 1976, p. 24. 
1 
exacerbates erosion and flooding problems. 
Clearly, some combination of treatment of or reduction in nonpoint 
source discharges is required if water quality goals are to be achieved. 
A variety of control techniques are being developed. In areas served by 
storm sewers, storage and treatment of stormwater runoff at sewage treatment 
plants has been proposed. In newly developing areas, small detention 
basins can delay the advanced peak flows associated with runoff from 
impervious land, while retention basins can reduce runoff volumes and 
contribute to groundwater recharge. Improved land treatment practices in 
agricultural areas can reduce the stormwater runoff quantity and associated 
pollutants. 
Evaluation of these alternatives in a specific situation can be a 
very difficult task, however·. The hydrological relationships resulting in 
stormwater runoff are extremely complex. Determining the sizes of 
pollution control facilities and estimating the expected benefits for each 
alternative are equally difficult. In addition, different future land use 
patterns in a watershed should be considered to project their impact on 
runoff quantity and quality for the various options. 
The Storage, Treatment, Overflow, Runoff Model (STORM), a computer 
program-developed by the U.S. Army Corps of Engineers (18), provides 
engineers and planners with a means of evaluating nonpoint source pollution 
control alternatives. The detailed analyses performed by STORM would be 
impossible to perform by hand. Once calibrated for a particular watershed, 
the model can be used to test the various control options against a long-
term rainfall record. Thus, the performance of each of the options can be 
compared. 
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STORM, or any runoff model, is calibrated by adjusting the values of 
certain input data, which describe the land use, pollutant accumulation and 
other characteristics of the watershed, until the predicted runoff values 
agree with observed values from some recorded storm precipitation event. 
Among the stormwater management options which can be evaluated once 
STORM has been calibrated are: storage and treatment of stormwater at a 
sewage treatment plant; improved land treatment practices; and, stormwater 
retention and detention. Rainfall records can be tested to evaluate the 
quantity and quality of runoff for each of the stormwater management 
alternatives. Each of these options is discussed below. 
Storage facilities at a sewage treatment plant can be designed for 
subbasins in which stormwater is collected in combined or separate sewers. 
The stormwater would otherwise be bypassed around the treatment plant so 
as not to exceed the plant's capacity. Portions of STORM were written 
specifically for evaluation of such storage facilities. For each sub-
basin in a watershed, the~ volume of storage, a treatment rate, and 
treatment efficiencies can be input.. Runoff volumes which exceed the 
available storage volume at any time are recorded as untreated stormwater 
overflows. 
Improved land treatment practices can reduce the quantity of 
stormwater runoff by increasing the infiltration of rain to groundwater. 
For example, contour as opposed to straight-row plowing of farmland can 
result in increased infiltration. The SCS Curve Number Technique in 
STORM can be used to modE~l the changes in stormwater runoff for various 
land treatment practices. Changes in maximum soil moisture capacity 
can be input for changes in land treatment. For the Monocacy Creek 
3 
watershed, for example, STORM predicted a 28% decrease in runoff from 
one summer rainstorm if contour plowing were practiced instead of 
straight-row plowing. When using the Coef~icient Method, the assumed 
percent imperviousness of the land can be reduced to reflect improved 
land treatment practices. 
Retention basins can be used throughout a watershed to reduce the 
volume of storrnwater runoff, whether collected in drainage swales or 
storm sewers. The retention basin holds the collected runoff until it 
infiltrates or evaporates. Both the Coefficient Method and the SCS 
Technique of STORM can be modified to model stormwater retention. 
When using the Coefficient Method, the desired retention basin capacity 
for each subbasin land use, expressed as equivalent depression storage 
over the subbasin area, can be added to the calibrated value of maximum 
depression storage capacity. The monthly pan evaporation rates would 
have to be increased to model infiltration, which is not simulated by 
the Coefficient Method. With the SCS Technique, the maximum initial 
abstraction for each subbasin land use would be increased by an amount 
equal to the volume of the retention basins under consideration. The 
effect of the changes in either case would be to reduce stormwater 
runoff quantity, as well as the quantity of pollutants washed from the 
watershed. 
Detention basins are used throughout a watershed to reduce the 
peaks in, but not the quantity of, stormwater runoff. A discharge pipe 
from the basin restricts the stormwater runoff rate, reducing the velocity 
and thus the erosion potential of the runoff. The storage/treatment 
portion of STORM can be modified to simulate detention basin operation. 
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The detention basin capaeity can be specified as the storage volume; the 
discharge rate from the basin can be specified as the treatment rate; and 
the treatment efficiencies can be specified as zero. Use of the program 
for detention basin mode:~ing is only meaningful, however, if a runoff 
hydrograph has been constructed for the watershed and its subbasins. 
Runoff quality is assumed to be unaffected by the detention basin. In 
addition, it must be assumed that all of the runoff from a subbasin is 
routed through its detention basin, except when the diversion option 
in the Coefficient Method is used. 
This report describe~s the application of STORM to the Monocacy Creek 
watershed. The operation of the program and development of the required 
data base are detailed. The adjustment of variables leading to a 
calibration of stormwater runoff quantity for short rainfall records is 
demonstrated. Changes in runoff quantity are predicted for a variety of 
future land use patterns. Finally, operation of the program's stormwater 
runoff quality modeling i.s discussed and illustrated. 
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2. THE MONOCACY CREEK WATERSHED 
The Monocacy Creek watershed, shown in Figure 1, covers 49.4 square 
miles of rural and urban land in Northampton County, Pennsylvania, and is 
part of the Lehigh and Dela.ware River basins. The stream originates in 
the foothills of the Blue Hountain, and flows south to its confluence 
with the Lehigh River in Bethlehem. Elevations in the watershed range 
from 240 ft to 920 ft above sea level. The Pennsylvania Department of 
Environmental Resources (14) has determined that the Commonwealth's most 
stringent water quality criteria are to be maintained in the stream, 
designating that it be suitable for the highest categories of aquatic 
life, water supply and recreation. 
The watershed includes portions of Bethlehem, Hanover, Lower 
ll · Nazareth, Upper Nazareth, East Allen, and Bushkill Townships. Commercial 
I 
I 
I 
I 
I 
I 
and high density residential development are concentrated in Bethlehem and 
Bath, with medium and low density areas surrounding them. Industrial 
development has taken place along U.S. Route 22, around the Allentown-
Bethlehem-Easton Airport just west of the watershed, and near quarries 
and rail lines to the north. The majority of the watershed remains in 
agricultural use, however. Land uses and soil types are detailed in 
subsequent sections of this report. 
The Joint Planning Cownission (JPC) of Lehigh and Northampton Counties 
(9) has estimated that the population of the region will grow some 30% 
between the years 1970 and :woo, and the location of the Monocacy Creek 
II watershed makes it attractive for development. Zoning ordinances in force 
I in 1971 would allow completE~ urbanization of the watershed, including low and medium density residential as well as commercial and industrial develop-
I 
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Figure 1 
Monocacy Creek Watershed 
Scale: 1" = 1 mile 
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ment. The JPC (10) predl.cts that the development will be well underway 
by the year 2000. 
The impact of this urbanization on storrnwater runoff quantity and 
water quality in the Monocacy Creek watershed has become a concern of 
citizen groups in the region (16), as well as of the JPC. In response, 
the JPC (9) has recommended that development of the watershed be limited, 
particularly north of Route 22. STORM has been used to predict storm-
water quantity and quality for several different future land use patterns 
in the watershed. Pattetns developed from both the zoning ordinances 
and the JPC recommendations were tested. The results of this modeling 
are reported later in this report. 
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3. STORM PROGRAM DESCRIPTION 
STORM is a computer program developed for use by engineers and planners 
to analyze storage and tn~atment needs for water pollution control. STORM 
Version 1 was completed in January 1973 by Water Resources Engineers, Inc. 
of Walnut Creek, Californ:La, for the Hydrologic Engineering Center (HEC) 
of the U.S. Army Corps of Engineers in Davis, California. STOR~ Version 2, 
which included a number of modifications, was released· in July 1976. 
Additional improvements and corrections were made by the HEC for STORM 
Version 2.1, released in 1~ugust 1977. This project utilized STORM Version 
2.1, modified to be compatible with the CDC computer at the Lehigh 
University Computer Center. 
STORM mathematically simulates selected portions of the hydrologic 
cycle to predict the quantity of runoff resulting from pr~cipitation and/or 
snowmelt on urban or non-urban watersheds. In addition, the program 
accounts for the accumulation of pollutants on the watersheds under study, 
and predicts the quantitiE~S of these pollutants washed from the watersheds 
in order to predict the quality of the stormwater runoff. Soil erosion can 
also be modeled, and the dry weather flow, which is the sewage generated 
by the residents of a watE~rshed during periods without rain, can also be 
added to the stormwater flow. These various flows, taken separately 
or combined, are the input data for the wastewater storage and treatment 
capacities being considered for a watershed. These interrelationships 
are illustrated in Figure 2. 
STORM provides an hourly accounting of wastewater flows so that the 
sizing of storage and treatment facilities can be evaluated. Wastewater 
flows which are less than or equal to the chosen treatment rate are handled 
9 
Figure 2. 
STORAGE 
DRY WEATHER 
FLOW 
ff Processes Mod Rune 
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without storage or overflow. Any flow greater than the treatment rate is 
held in storage until treatment capacity is available. Flows which then 
exceed the storage capacity are overflows and cannot be retrieved later for 
treatment. Pollutional loads to the receiving stream due to overflows for a 
variety of storage and treatment alternatives can thus be evaluated. 
An event, as used in STORM, is defined as any continuous usage of 
storage. A variety of output data can be generated for each event. 
STORM is a continuous simulation, so that the interaction of a series 
of separa~e events can be modeled. Rainfall records for a single rainstorm 
or for a period of several months can be used as input data to model long~ 
term storage, treatment, and overflow relationships. Other options available 
include diversion of a fraction of runoff from the storage and treatment 
functions, and routing of runoff through the model using either a pre-
specified hydrograph or the Soil Conservation Service (SCS) triangular 
unit hydrograph. 
A number of the options available in STORM were beyond the scope of 
this first attempt at mode~ling pollution from stormwater in the Monocacy 
Creek watershed. The goal of the work completed thus far was to calibrate 
the quantity portions of STORM for a number of individual rain storms, 
and then to use the quantity predictions to illustrate the relative changes 
in runoff quality which could be expected under various land use conditions. 
Therefore, no use was madE! of the snowmelt, soil erosion, dry weather flow, 
diversion, and hydrograph options of the program, and no long~term rainfall 
records were tested. In addition, the storage, treatment, and.overflow 
portions were used only to generate the output necessary to show total 
runoff quantity and quality, without consideration of any alternative 
11 
storage/treatment schemes. Those portions of STORM which were utilized in 
the work thus completed are described in subsequent sections. 
3.1 STORM Runoff Quantity Calculations 
Users of STORM choose one of two methods or a combination of the two 
for the calculations of stormwater runoff quantity resulting from precipi-
tation and/or snowmelt on a watershed. The Coefficient Method, a very 
simple model of runoff proces~es, assumes that hourly runoff is a constant 
fraction of rainfall/snowmelt excess. This is best applied to highly 
urbanized watersheds with large areas of impervious land, such as rooftops, 
streets, and parking lots. The Soil Conservation Service (SCS) Modified 
Curve Number Technique uses expressions relating rainfall and soil moisture 
in an attempt to allow for varying moisture conditions, both antecedent 
and during rainfall. The SCS Technique is most easily applied to watersheds 
where soil characteristics are well known. The Combined Method uses the 
Coefficient Method to calculate the quantity of runoff from impervious 
areas, and the SCS Technique for all other areas. Calculations are 
performed hourly for all three methods. 
For the work reported here, the Coefficient Method and the SCS 
Technique were used separately to predict runoff quantities from historical 
rainfall records. 
described below. 
The equations used in each of these methods are 
3.1.1 Coefficient Method 
The Coefficient Method of runoff quantity computation in STORM assumes 
that a constant fraction of the rainfall excess becomes runoff for each 
hour of each event. For the purposes of STORM, the hourly rainfall excess 
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I is defined as the hourly precipitation less the rainfall captured that 
I hour by any available depression storage. Thus, runoff begins only after 
the total rainfall has exeeeded the initial depression storage available. 
I In equation form, 
I R = C(P-d) (3-1) 
where R hourly runoff (inches over watershed) 
I c = composite runoff coefficient 
P-d = hourly rainfall excess (inches) 
p = hourly precipitation (inches) I 
I d = available depression storage (inches) 
I The fraction of rainfall excess that becomes runoff is given by the 
composite runoff coefficient. The remainder of rainfall excess, (1-C)(P-d), 
I can be considered infiltration to soil moisture. Interception, soil 
I 
moisture, and percolation from soil moisture are not modeled in the 
Coefficient Method, although interception can be considered to be part of 
I the depression storage. The composite runoff coefficient is calculated by 
STORM for each subbasi~ based on the fractions of pervious and impervious 
I area in that subbasin. This can be expressed as 
I C = (C A + C.A.)/At p p 1 1 (3-2) 
where c = runoff coefficient, pervious areas p 
c. = runoff coefficient, impervious areas 
1 
I 
A = total pervious area of subbasin p I 
I 
A. = total impervious area of subbasin 
1 
At = total area of subbasin 
I The composite runoff coefficient represents an annual average soil imper-
viousness for all pervious and impervious areas of the watershed. There 
I 
is no consideration of variations in antecedent soil moisture and cover 
conditions in the Coefficient Method. 
The available depression storage is calculated for each hour of the 
simulation. During dry periods, the 'available depression storage increases 
due to evaporation: 
D = D + (N*EV), D < D 
o - max 
(3-3) 
where D = available depression storage at end of dry period (inches over 
watershed) 
D = available depression storage at end of last rainfall (inches) 
0 
N = number of dry hours 
E~ = pan evaporation rate (in/hr) 
D = assumed maximum depression storage capacity, inches 
max 
During hours with rainfall, the available depression storage quickly goes to 
zero and remains so until some recovery occurs during a discontinuity in 
the rainfall. The pan evaporation rate is an input value which can vary 
monthly. 
When using the Coefficient Method, the STORM simulation begins with 
the available depression storage, D , equal to zero at the hour following 
0 
the last major rainfall. The available depression storage then begins 
increasing towards its maximum value by evaporation until the first hour 
of rainfall of the record period under consideration is reached. 
Figures 3 and 4 are flow charts illustrating the sequence of computations 
used in the Coefficient Method. The variable names and equations used are 
the same as those appearing in the STORM program code. 
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Compute runoff by 
Subroutine RUNOFF 
No 
~~--------~ Compute erosion and 
runoff quality 
Output 
~igure 3. Coefficient Method 
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Compute evaporation since 
~ last hour with rain 
RECV=RECVRT(MO)*NORAIN 
Key to Variables ~~ 
RECV = 
RECVRT(HO) = 
NO RAIN = 
DEP 
DEPRS 
DEPRES = 
RAINRT = 
RAINX = 
RUN OF = 
c = 
evaporation since last wet 
hour, in. 
evaporation rate for current 
month, in. /hr 
time since last wet hour, hr 
depression storage available, 
in. 
maximum depression storage, in. 
depression storage used, in. 
hourly rainfall, in. 
rainfall excess, in. 
hourly runoff, in. 
composite runoff coefficient 
--
Compute depression storage 
available 
DEP=AMINl(DEP+RECV.DEPRS~ 
, 
Compute depression storage used 
DEPRES=AMINl(DEP,RAINRT) 
Compute new depression 
storage available 
DEP=DEP-DEPRES 
, 
Compute rainfall ·excess 
RAINX=RAINRT-DEPRES 
~ 
Compute runoff 
RUN OF= RAINX*C 
No RUN OF 
--
>0? 
Yes 
Figure 4. Coefficient Method - Subroutine RUNOFF 
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The input data requin~d for the Coefficient Method are simple and 
readily available for most watersheds. These include hourly rainfall, the 
area dedicated to existing land uses, the percent impervious area for each 
land use, assumed runoff coefficients for both impervious and pervious land 
areas, the maximum depression storage capacity for each land use, and monthly 
pan evaporation rates for the watershed. The data developed for this study 
in calibrating the Coefficient Method for the Monocacy Creek watershed 
are described in a subseqm~nt section of this report. 
3.1. 2 SCS Technique 
The SCS Technique in STORM, which attempts to model soil moisture 
conditions and relate them to runoff quantity, is a modification of the 
Soil Conservation Service Curve Number Technique, developed for small 
agricultural watersheds (19,20,22). The Curve Number Technique is used 
by the SCS to compute total storm runoff volume, while the SCS Technique 
in STORM uses the same equation to compute cumulative runoff volume in 
hourly increments. The basic equation used is 
where Qt 
pt 
I 
a 
s 
with all 
= 
= 
= 
= 
(P -I ) 2 
t a 
P - I + S t a 
accumulated runoff at time t 
accumulated preeipitation at time t 
initial abstraction 
available soil moisture capacity 
variables having the units of inches over the watershed. 
tal hourly runoff-, Rt~ ove:t;" the watershe.d is then R = Q ..,.. Qt 1 • t t . -
(3-4) 
Incremen-
17 
The initial abstraction is the sum of the interception, infiltration, 
and filling of depression storage which occurs prior to the start of runoff. 
The soil moisture capacity is the water storage capacity of the soil, and 
is related to soil type and soil cover conditions. STORM models hourly 
changes in the initial abstraction and soil moisture capacity due to 
infiltration, percolation, and evaporation. However, the values of I 
. a 
and S in the basic equation are starting values computed at the first hour 
of rainfall on the watershed, and remain constant in the equation until a 
discontinuity in the hourly rainfall record occurs. If no discontinuities 
occur, then the modified SCS procedure in STORM predicts a runoff volume 
equal to that obtained using the original SCS Curve Number Technique. In 
actuality, however, there are many rainstorms with interruptions in the 
continuity of rainfall. Under the SCS Technique in STORM, whenever an 
hour without rainfall interrupts the rainfall record, Qt and Pt ate reset 
to zero, and ·I and S are set to the values calculated for that hour. In 
a 
this way, STORM allows the modeling of infiltration, percolation, and 
evaporation to affect runoff volume. 
Examining Equation 3-4 again, ·it' can be seen that if the 
precipitation, P , is very large compared to I and S, then the value of 
t a 
Q will approach that of P . In other words, a point. is reached where 
t t 
incremental runoff, R = Q - Q 1 , becomes nearly equal to incremental . t t t-
rainfall, or P - P ·1 . The smaller the values of I and S in the equation, t t- a 
the earlier in a storm that this point is reached. Thus the SCS Technique 
is affected by soil moisture conditions existing at the first hour of 
rainfall, or antecedent moisture conditions. 
STORM uses expressions for infiltration, percolation, and evaporation 
to adjust the soil moisture capacity and initial abstraction. Three cases 
18 
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exist: hours without rainfall; hours with rainfall when the initial 
abstraction is not satisfied; and~ hours with rainfall when the initial 
abstraction is satisfied. Runoff is calculated only for the third case. 
In the first case, during hours without rainfall, the available initial 
abstraction is increased by evaporation and infiltration. In equation form, 
I =I +_(EV*6t) + (f*6t) 
at at-1 
(3-5) 
where EV is an hourly pan evaporation rate. The infiltration rate, f, 
is calculated from the maximum infiltration rate, f , by the formula 
max 
f = f 
max ·a 
-I j 
. t-,.1 
/6t (3-6) 
where S is the available soil moisture capacity and S is the maximum 
act max 
soil moisture capacity. The infiltration rate, however, is limited to a 
value no g'reater than the moisture actually present in the initial 
abstraction. The time increment 6t is one hour for all of the calculations 
in STORM. 
While I is increased during dry hours, the available soil moisture 
a 
capacity, S t' is decreased due to the infiltration from I , and increased 
ac a 
by percolation and evapotranspiration. In equation form, 
S = S - (f*6t) + ET + PERC 
actt actt-l 
(3-7) 
The infiltration rate is the same as that calculated for the increase in 
. 
+a' .~q.uP.t+an 3~. As the soil dries out, and the value of S 
actt-l 
a?,proaches: that of S ~ the hourly infiltration increases until the 
max . 
m~iJI)J.lll). :J:n:!-':ttal .H-i:ll?t:ract::t:on ~s :reached when infiltration ceases •. 
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The formula used in calculating evapotranspiration during hours without 
rainfall is 
ET = 0.71cs -S )/S )v *EV*flt \t max act 1 max \ t-
(3-8) 
where the evapotranspiration exponent, v, is chosen during the calibration 
of the program. This expression is similar to those developed for some 
other hydrologic models (6). The Corps of Engineers (18) has found that v 
ranges between 1.0 and 5.0. For v greater than 1.0, increasing v results 
in a decrease in ET and thus a decrease in the rate of increase of Sact" 
Since lower soil moisture capacity is a condition of higher runoff potential, 
an increase in v may result in an increase in runoff. This"can be seen in 
Eq-uaq.·.on 3..,..4- fo-r Qt;, where s· ap-pears in the denominator. A sma,ller value 
of S would result in larger values of Qt. 
As the soil moisture capacity increases during dry hours, the fraction 
of maximum capacity utilized, (S -S t )/S , decreases, becoming 
max ac 1 max t-
closer to its minimum value of zero. Thus, for v greater than zero, the 
rate of_ evapotranspiration decreases as the soil bec_omes drier. 
The percolation from soil moisture to ground water during dry hours 
is calculated using an expression similar to Equation 3-.::8
1 
PERC= (<smax-sactt-l)/sma.)P *PCMAX*~t 
where PCMAX is the maximum soil·percolation rate in in/hr and p~ the 
(3--9) 
percolation exponent, is chosen during calibration of the program. Values 
of p have been found (18) to vary within the same range as those of v, and 
the expression for percolation is similar to that developed for a surface 
runoff model at Purdue University (6). As for evapotranspiration, increasing 
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p may result in an increase in surface runoff, and for values of p greater 
than zero, the rate of percolation decreases as the soil becomes drier 
during hours without rainfall. 
Both the percolation and evapotranspiration rate decrease as the soil 
moisture capacity increases. Thus, once infiltration ceases, the rate of 
increase in soil moisture capacity decreases as the soil becomes drier. 
In the second case, vrhen rainfall begins following a period of 
recovery of S and I , no runoff occurs until .the initial abstraction 
act a 
is satisfied. Infiltration during this period is considered to be part of 
the initial abstraction, and so is not calculated separately. In addition, 
there is no consideration o~ percolation and evapotranspiration during wet 
hours without runoff. Thus, no adjustments are made to the value of the 
soil moisture capacity until the initial abstraction is filled. All rain-
fall occurring during this period is used only to fill the initial abstraction. 
In the third case, hours with rainfall when the initial abstraction 
has been satisfied, runoff begins and adjustments to the soil moisture 
capacity resume. In this case, evapotranspiration is assumed to be zero, 
so the formula for calculating changes in S is 
act 
= s 
actt-l 
INFIL + PERC (3-10) 
where the percolation, PERC, is calculated as described for the first case. 
The infiltration to soil moisture, INFIL, however, is determined differently 
than during hours without rainfall. In the third case, the hourly 
infiltration is simply that portion of total rainfall which remains following 
satisfaction of the initial abstraction and calculation of total runoff. 
In equation form, 
INFIL = P - Q - I 
t t a 
where Pt, Qt' and Ia are all as previously defined in Equation 3-4. 
(3-11) 
The initial abstraction, once satisfied, remains filled until the 
next hour without rainfall. This is identical to the treatment of 
depression storage under the Coefficient Method. 
Assuming that soil moisture-capacity decreases during several hours 
of precipitation, Equation 3~9. for PERC predicts that the rate of 
percolation increases as the rainfall continues. The hourly infiltration 
rate, however, depends on the pattern of hourly rainfall for each rain 
storm. Thus, the change in soil moisture capacity durin~ hours with 
rainfall will actually depend on the pattern of rainfall for each storm. 
When using the SCS Technique, the STORM simulation begins at the first 
hour of the first day on which rainfall occurs in the rainfall record. 
Starting values of S and I are selected input data for this time, and 
a 
changes in them are calculated until the first hour of rainfall occurs. 
This is different than the approach used in the Coefficient Method, where 
-
the simulation begins at the hour immediately following the last major 
precipitation prior to the rainfall record. 
In summary, the SCS Technique in STORM considers antecedent moisture 
conditions and their effect on the quantity of surface runoff. 
During hours without rainfall, the initial abstraction capacity increases 
due to infiltration and evaporation, and the soil moisture capacity 
decreases due to infiltration and increases due to percolation and 
22 
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evapotranspiration. If the dry period continues for a sufficiently long 
period, the initial abstraction and soil moisture capacity will reach 
maximum values. At the first hour of rainfall, the last previous values 
of I and S are stored for use in the runoff equation. ·Before any 
a act 
runoff occurs, however, all precipitation goes toward satisfying the initial 
abstraction, and no changes are calculated in the soil moisture capacity 
until the initial abstraction is satisfied. Once the initial abstraction 
has been satisfied, runoff begins, and changes to soil moisture capacity 
due to infiltration and pe:rcolation resume. The values of I and S in the 
a 
runoff equation remain fixed at those values calculated at the hour before 
the fir.st recorded rainfall. If a discontinuity in the precipitation 
occurs, the initial abstraction and soil moisture capacity change due to 
evaporation, evapotranspir-ation, infiltration, and percolation. New 
values of I and S are established when rainfall resumes. Once a storm 
a 
ends, changes to I and S continue until they reach their maximum values 
a 
or the next storm begins. 
Figures 5, 6, and- 7 ;i.llustrate the sequence of computations 
carried out by STORM in the SCS Technique. The equations used have been 
drawn from the program code for STORM Version 2.1. 
The data requirements for: the SCS Technique are more complex than 
those for the Coefficient Method. The requirements common to both methods 
are subbasin areas, pan e~·aporation rates, areas dedicated to existing 
land uses, and pollutant accumulation rates. In addition, the SCS Technique 
requires maximum and starting soil moisture capacities and maximum and 
starting initial abstractions for each land use in each subbasin. Maximum 
infiltration and percolation rates for each land use in each subbasin must 
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Compute storage & treatment 
since last rainy day 
Subroutine SCS dry hour 
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Figure 5. Modified SCS Technique 
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TOTAL•O 
Yea 
Hax value of ACTIA is DEPR 
ACTIA(I) • DEI'R(I) 
Compute EV and PERC coefficients 
B • ((SKAX(I)-SACT(I))/SKAX(I))**P 
A • ((SHAX(I)-SACT(I))/SMAX(I))**V 
Adjust Sect by RINFIL, EV, and PERC 
SACT(I) • SACT(I) - RINFIL(I) + A*EV+B*PERC 
Limit Sect to :Smax 
IF (SACT(I)·GT·SKAX(I))SACT(I)•SMAX(I) 
Save S and I 
act a 
START(I) • ACT:tA(I) 
START(S) • SAC.r(I) 
No Yea 
Return· 
Incr~ase I
8 
by evapotranspiration 
ACTIA(I) • ACTIA(I) + EV 
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Compute infiltration rate 
RINFIL(I) • RATEIN(I)* SACT(I)/SHAX(I) 
Max value of RINFIL is moisture in ACTIA 
IF(RINFIL(I)•GT·DEPR(I) -·ACTIA(I)) 
RINFIL(I) • DEPR(I) - ACTIA(I) 
Increase ACTIA by RINFIL 
ACTIA(I) • ACTIA(I) + RINFIL(l) 
Figure 6. Modified SCS Technique - Subroutine 
SCS - Dry Hour Computations 
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Add hourly rainfall to cumulative total 
TOTAL = TOTAL + PRCP 
Save last value of cumulative runoff 
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No 
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Figure 7 Modified SCS Technique - Subroutine SCS -
Wet Hour Computations 
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also be selected. The dat•a developed for this study in calibrating the SCS 
Technique for the Monocacy Creek watershed are described in a subsequent 
section of thi~ report. 
3. 2 STORM Runoff Quality Calculations 
There are a number of sources of pollutants on land, such as fallout 
of air pollutants, residue from automobile exhausts and fires, spills from 
refuse collection, erosion of soil, piles of leaves and grass clippings, 
and application of fertili:~ers. Excess precipitation washes these pollutants 
from the land surface. Th1~ quality of stormwater runoff depends on the 
accumulation of pollutants on the land and the rate at which the runoff 
cleanses the land of those pollutants. 
Users of STORM select one of two methods for specifying pollutant 
accumulation rates. The dust 'and dirt method· is applicable to urban· water-
sheds, where the majority of pollutants can be assumed to accumulate in 
street gutters. The daily pollutant accumulation method is recommended 
(18) for non-urban watersht~ds, where pollutants accumulate mainly on areas 
other than streets. Pollutant washoff is dependent on the rate of storm-
water runoff for both pollutant accumulation methods. 
The pollutants modeleci by STORM are suspended solids, settleable solids, 
biochemical oxygen demand, total nitrogen, total orthophosphate, and coliform 
bacteria. STORM accounts for pollutant accumulation and washoff continuously 
with a one-hour computation interval. Pollutant accumulation ceases during 
wet hours and resumes during dry hours in the rainfall record. 
The daily pollutant aecumulation method was selected for the application 
of STORM to the Monocacy Creek watershed. Both accumulation methods and 
27 
STORM's pollutant washoff computations are described below. 
3.2.1 Daily Pollutant Accumulation Method 
Average daily pollutant accumulation rates for each of the six pollutants 
modeled are the only input data required for the daily pollutant accumulation 
method. Pollutant accumulation rates for each of the land uses in a subbasin 
must be specified as pounds of pollutant per acre per day. The values 
selected for this study of the Monocacy Creek watershed are presented in a 
subsequent section of this report. 
3.2.2 Dust and Dirt Method 
The dust and dirt method is based on the assumption that all pollutants 
are associated with the accumulation of dust and dirt in street gutters. 
For each land use, the user specifies the daily accumulation of dust a~d 
dirt in pounds per 100 feet of gutter length per day. The pollutants are 
expressed as fractions of the dust and dirt for each land use. The user 
may also specify a street sweeping interval and efficiency. 
3.2.3 Pollutant Washoff Computations 
The expression used in STORM for the hourly washoff rate from each land 
use is 
-KR 
W · = P (1 - e t) pt p . 
where Wpt = washoff rate of pollutant p for hour t, lb/hr 
(3-12) 
Pp = pounds of pollutant p on land use at the first hour of rainfall 
K = washoff decay coefficient 
Rt = runoff rate for hour t, in/hr 
The total washoff of a pollutant, MP' during a rainstorm lasting T hours is 
limited to Pp: 
T 
M = ~ (W * ~t) < P 
p t=l pt p 
(3-13) 
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STORM uses the runoff rate from impervious areas for Rt when runoff 
quantity computations are by the Coefficient Method. When runoff quantity 
computations are by the SCS Technique, the runoff rate is based on the 
total runoff from each land use. As would be expected, larger runoff rates 
result in larger pollutant uashoff rates. 
The STORM default valUI~ for the washoff decay coefficient, K, is 2.0. 
Manipulation of K in order to calibrate the quality predictions generated by 
STORM is discussed in a subsequent section of this report. 
The washoff of each pollutant from each land use is summed to obtain 
hourly stormwater runoff-pollutant loads for the subbasin. The output 
from STORM includes pollutographs of hourly pollutant loads and concentrations 
for selected ~vents. For all events with overflows of runoff from stor·age, 
pollutant loads for the first three hours of the overflow are listed so that 
the first flush of pollutants can be evaluated. Total pollutant loads are 
listed for each overflow event and for the entire period of record. Average 
pollutant concentrations over the entire period of record are computed. 
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4. DATA FOR CALIBRATION OF STORM 
Certain data are required for the operation and calibration of 
STORM. These data can be broken into four broad categories. First, a 
rainfall record must be selected and secondly, characteristics of the 
watershed being studied must be quantified. Third, in order to calibrate 
30 
the runoff quantity predietions of STORM, streamflow records for the watershed 
must be obtained for the same period as the rainfall record. Finally, if 
desired, pollutant accumulation input data can be selected and the STORM 
quality predictions calibrated against stream quality records. 
The specific data developed for the calibration of STORM for the 
Monocacy Creek watershed are discussed below. 
4.1 Rainfall Data 
The National Oceanic and Atmospheric Administration (NOAA) does not 
maintain a station within the Monocacy Creek·watershed. The nearest station 
is at the Allentown-Bethl,:hem-Easton Airport (ABE), approximately five 
miles from and ten feet i:n elevation below the geographic center of the 
watershed. Rainfall info:rrnation from the ABE weather station were selected 
as data input to STORM for this study. 
It became apparent early in the study that the poor quality of 
streamflow records for the Monocacy Creek would hamper attempts. at a 
long-term calibration of STORM. Therefore, three relatively short rain-
fall records were chosen, one each before, during, and at the end of the 
growing season. A summary of the storms selected appears in Table 1. The 
selection was made from monthly summaries of climatological data published 
by NOAA (23). The relevant summaries appear in Appendix A. 
Table 1 
Rainstorms Selected for Calibration 
Date and First Date and Last Total 
Designation Hour of Record Hour of Record Precipitation, in 
October 1976 10-20; 5 a.m. 10-20; 12 midnight 1.65 
April 1977-1 4-2; 10 a.m. 4-3; 1 a.m. 1. 24 
April 1977-2 4-4; 6 p.m. 4-5; 7 p.m. 1. 79 
July 1977 7-19; 6 p.m. 7-20; 2 a.m. 1.61 
Although th~.April 1977 storms were t~o distinct periods of rainfall, 
they were entered as a single record to test the STORM capability to model 
closely spaced storms. Rainfall hyetographs for each of the storms are 
presented in Figures 8, 9, 10 and 11. 
Nearly half of the total rainfall for the October 1976 storm fell in 
just three hours near the end of the twenty hours of rainfall. The April 
1977 storms had less dramatic peaks near the beginning and end of each 
storm. On the other hand, the July 1977 storm was a brief, violent 
thundershower, with a maximum hourly precipitation of 0.53 inch, and 93% of 
the total 1.61 inches fell in just three hours. The choice of these rain-
fall records permitted the calibration of STORM for a variety of rainfall 
patterns. 
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Figure 11. Rainfall Hyetograph- July 19-20, 1977 
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The STORM simulation. using the SCS Technique starts at the first hour 
of the first day with rain in the rainfall record. However, when usir;g.tlle 
Coefficient Method, the date and hour of the last major precipitation 
preceding the rainfall record being tested is the starting point and the 
simulation in this case begins with the next hour. The dates and hours of 
the last major precipitation preceding each of the rainfall records studied 
for this report are given in Table 2. 
Table 2 
Precipitation Preceding Selected Rainfall Periods 
Rainfall Periods 
End of Last Major 
Preceding Precipitation 
Dates 
1/ 10-20-76 -
2/ 4-2 to 4-5-77 -
3/ 7-19 to 7-20-77 -
10-9--76 
3-22--76 
7-12--77 
!/ Designated October 1976 
Hour· 
11 
21 
23 
2/ Designated April 1977-1 and April 1977-2 
ll Designated July 1977 
Inches 
1.48 
2.49 
0.59 
Other Precipitation 
Date 
10-13-77 
. 10-14-77 
3-23-77 
3-28-77 
7-17-77 
Inches 
0.03 
0.04 
0.01 
0.02 
0.15 
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4.2 Watershed Characteristics 
Certain watershed characteristics must be quantified for the STORM 
program. 
1. 
2. 
3. 
Among these characteristics are: 
the area of each subbasin 
the area dedicated to different land uses within each subbasin 
the percent imperviousness for each land use 
4. runoff coefficients for pervious and impervious areas 
5. the maximum depression storage for each subbasin 
6. maximum and starting soil moisture capacities for each land use 
7. maximum and starting initial abstractions for each land use 
8. maximum infiltration and percolation rates for each land use 
9. pollutant accumulation ra~es for each land use 
10. monthly pan evaporation rates for the watershed 
11. exponents for evapotranspiration and percolation functions 
These characteristics required as input data can be separated into three 
categories. First are the data required for runoff calculations by both 
the Coefficient Method and the ~1odified SCS Technique. Second are the 
data required for the Coefficient Method but not the SCS Technique, and 
third, the data requ~red for the SCS Technique only. Each of the data in 
these categories, as developed for the Monocacy Creek watershed, is 
discussed below. 
4. 2.1 Data for Coefficient Method and SCS Technique 
The data common to runoff calculations for both the Coefficient 
Method and the Mo.dified SCS Technique are subbasin areas, land uses, and 
monthly pan evaporation rates. 
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The watershed and its subbasins were identified on topographic maps 
published by the United States Geological Survey (USGS) (25) .. Fourteen drainage 
basins within the watershed of approximately equal area were selected as 
shown on Figure 12. The total watershed area was found to be 49.42 square 
miles. The area determined for each of the subbasins is listed in Table 3. 
Subbasin 14, which was the largest, lies totally downstream of the USGS 
gaging station on the Monocacy Creek and was not included in any of the 
calibration work performed in this study. 
The fraction of the total area dedicated to different land uses 
within each subbasin was estimated from the nine categories shown on land 
use maps prepared by the JPC (!0) in 1973. Land uses identified were: 
1. woods . (WOODED} 
2. open ~and (OPEN) 
3. agriculture (AGRICU) 
4. low density residential (lots of at least 1 acre) (LO RES) 
5. medium density residential (lots between ~ and 1 acre) (MD RES) 
6. high density residential (townhouses or garden apartments)(HI RES) 
7. commercial (COMMCL) 
8. industrial (INDSTL) 
9. quarry 
For STORM, the same land use designations were utilized, except that areas 
which the JPC had identifi·ed as quarries were included in the industrial 
category. The land use designations and the percentages of total subbasin 
area dedicated to them are given in Table 4 for the Monocacy Creek watershed. 
The data in Table 4 show that in 1973 the Monocacy Creek watershed was 
largely agricultural. Field surveys in 1977 and 1978 showed that there had 
-
.. -
-- - ---- --- - ---
Figure 12 
Subbasins ~ Monocacy Creek 
Watershed 
A USGS Gaging Station 
Scale: 1" = 1 mile 
-
. I 
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I Table 3 
Monocacl Cre!ek Watershed Subbasin Land Areas 
I 
I Subbasin Area, acres Area, square miles 
1 1915 2.99 
I 2 3150 4. 92 3 2960 4.63 
4 2170 3.39 
I 5 2395 3.74 6 2260 3.53 7 1325 2.07 
8 1835 2.87 I 9 3425 5.35 10 1840 2.88 
11 995 1.55 
I 12 1785 2.79 13 1415 2.21 
14 4160 6.50 
I Total 31,630 49.42 
I 
Table 4 
I Monocac~ Creek Watershed Land Use - 1973 
I 
Percentage of Subbasin Area 
Land Use 
I Subbasin WOODED .OPEN AGRICU LO RES MD RES HI RES COMMCL INDSTL 
1 15 3 65 1 7 1 0 8 
I 2 20 3 63 1 6 5 1 1 3 5 1 80 1 2 0 1 10 4 10 5 77 2 6 0 0 0 
I 5 8 6 77 1 5 1 0 2 6 15 7 70 2 4 0 0 2 7 5 4 56 1 7 0 2 25 
8 4 1 89 1 4 0 1 0 
I 9 5 3 70 1 12 0 3 6 10 .3 3 75 1 15 0 3 0 
11 4 0 95 0 0 0 1 0 
I 12 12 12 42 10 23 0 1 0 13 7 27 28 8 20 8 2 0 
I 
I 
been little development since that time. All subbasins except 7, 12, and 
13 are 60% or more agricultural. Subbasin 7, with 25% industrial use, has 
quarries and related industries. Subbasin 12 is 33% residential and 12% 
operi land, in this case a large memorial park. Subbasin 13, only 28% 
agricultural, is 27% open land (Bethlehem Municipal Golf Course) and 36% 
residential. Subbasin 9 includes the industrial development near the 
junction of Routes 22 and 191. Subbasins 1 and .3, 8% and 10% industrial, 
respectively, have quarries. 
The values used for the monthly pan. evaporation rates are shown in 
Table 5. The values listed in Table 5 are mean values for the years 1940 
to 1971 in this region of Pennsylvania. 
Table 5 
1 Land Pan Evaporation Rates , in/day 
Month in/day Month in/day 
January 
.04 July 
.21 
February 
.04 August 
.17 
March 
.04 September 
.12 
April 
.04 October 
.09 
May 
.16 November 
.04 
June 
.21 December 
.04 
1 . 
From class notes, CE 376, Water Resources Engineering, Fall 
1975, Professor Robert L. Johnson. 
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4.2.2 Data for Coefficient Method Only 
In addition to the data coimllon to both the Coefficient Method and the 
SCS Technique, the following data must be developed for STORM simulation 
using the Coefficient Methc1d: 
1. percent impervious:ness for each land use 
2. runoff coefficient:s for pervious and impervious areas 
3. maximum depression. storage, D 
max 
The determination of these data for the Monocacy Creek watershed is 
discussed below. 
Both the Coefficient Method and the SCS Technique in STORM require that 
the user dictate the portion of each subbasin that is dedicated to various 
land uses. In addition, the user must determine the fraction of land 
area that is impervious for ·each land use for the Coefficient Method. The 
values assumed for the Monocacy Creek watershed, expressed as a percentage 
of the total area dedicated to. each land use, are given in Table 6. 
Table 6 
Assumed Percentage Im12erviousness 
Suhbasin 
Land Use 1 to 10 11 12 & 13 
WOODED 1 1 1 
OPEN :2 2 3 
AGRICU 1 2 2 
LO RES 20 20 20 
MD RES 30 30 30 
HI RES 50 50 50 
COMMCL 80 80 80 
INDSTL 70 70 70 
••• --· ••• -·- #. -· -~- -# • 
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The values chosen for each land use are equal for all subbasins 
except for OPEN land in subbasins 12 and 13 and AGRICU land in subbasins 
11, 12, and 13. The percentage imperviousness was increased slightly 
in these land ~~e~ because there are more roads and buildings per unit 
area in these subbasins than in the others. 
The values of percentage imperviousness in Table 6 were chosen after 
considering several published values (12, 18, 20, 22). A summary of these 
published values appears in Table 7. The percentage imperviousness was 
not varied in t'he calibration of STORM. for the Monocacy Creek watershed. 
Table 7 
Published Values for ·Percentage Imperviousness 
Land Use 
Pasture 
Residential 
single family, low density 
(1 acre per lot) 
single family, medium density 
(1/2, 1/3 & 1/4 acre per lot) 
multiple family, high density 
(1/8 acre per lot) 
Commercial 
Industrial 
Source 
SCS TR55(22) SCS NEH(20) HEC(l8)* 
2 
20 20-30 10 
25,30,38 25-35 43 
65 30-40 50 
85 40-90 80 
72 45-70 
*From Appendix A, Test Data Sets 1 and 3 for STORM 
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Runoff coefficients for the pervious and impervious areas of each 
subbasin, C and C., are required for use of the Coefficient Method in p ~ 
STORM. Default values of C equal to 0.15 and C. equal to 0.90 are p ~ 
included in STORM. In calibrating the Coefficient Method for the Monocacy 
Creek watershed, however, values of CP equal to 0.01 and Ci equal to 0.10 
(Ci = 0.~0 for subbasins 1, 2, 7, and 13) were found to be better. The 
corresponding composite rw1off coefficients, which are calculated by STORM, 
weighted according to the percentage imperviousness of each subbasin, are 
given in Table 8. 
Table 8 
Runoff Coefficients 
Subbasin c c. Composite 
~ 
1 0.01 0.30 0.037 
2 0.01 0.30 0.030 
3 0.01 0.10 0.019 
4 0.01 0.10 0.013 
5 0.01 0.10 0.014 
6 0.01 0.10 0.014 
7 0.01 0.30 0.074 
8 0.01 0.10 0.013 
9 0.01 0.10 0.020 
10 0.01 0.10 0.017 
11 0.01 0.10 0.012 
12 0.01 0.10 0.020 
13 0.01 0.30 0.052 
There are no storm sewers in auy o~ the subbasins of the Monocacy 
Creek watershed studied in this project. Thus, the runoff from most 
imp~rvious areas drains to pervious areas, where infiltration can occur. 
In subbasins 1, 2, 7, and 13, however, the land use maps (10) showed that a 
relatively high percentage of the impervious areas were adjacent to Monocacy 
Creek, where runoff can contribute directly to streamflow, without having 
42 
a chance at infiltration on pervious land. Thus, the value of C. for 
~ 
these subbasins was set higher than that for the others. 
The last data required for STORM simulation using the Coefficient 
Method are values of maximum depression storage, D for each subbasin. 
max' 
The values used during calibration varied from 0.15 to 1.00 inch, and 
the best results for the Monocacy Creek watershed were obtained with 
D equal to 0.60 inch for all subbasins. 
max . 
Values of maximum depression storage have been published for 
stormwater modeling of o~her watersheds. The HEC (18), in its calibrations 
of STORM for two watersheds, found values of D to be 0.10 inch and 
max 
0.16 inch for a suburban and urban watershed, respectively. Application 
of the Environmental Protection Agency's Stormwater Management Model 
(SWMM) to an_t1rban area.{8), resulted in values of 0.200 inch and 0.062 
inch. for pervious and impervious depression storages, respectively. 
Default values in SWMM are 0.184 inch for pervious areas and 0.062 inch 
for impervious areas. The maximum depression storage might be expected to 
be higher for a rural area, such as the Monocacy Creek watersh~d, than for 
a suburban or urban area. 
4.2.3 Data for SCS Technique Only 
In addition to the data common to bo-th the Coefficient Method and the 
SCS Technique, the following data must be developed when using the SCS 
Technique: 
1. maximum and starting soil moisture capacities 
2. maximum and starting initial abstractions 
3. maximum infiltration and percolation rates 
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4. exponents for evapotranspiration and percolation functions 
These data, as developed for the Monocacy Creek watershed, are discussed 
below. 
The maximum soil moisture capacity varies with the type of soil, the 
land use on that soil, and. the condition of the soil. The SCS (19,20,22) 
has developed a procedure for calculating the maximum soil moisture capacity 
based on these factors, using the expression 
s = 1000 - 10 
CN (4-1) 
where S is the soil moisture capacity in inches and CN, the curve number, 
is determined from the soil type and land use characteristics. This 
procedure was used to find S values for this study. 
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First, soil types, listed· in Table 9, were identified (21) for the thir-
teen subbasins. These soil types are divided by the SCS (22) into Hydrologic 
Sbil Groups (H. S. G.) rangi,ng from A to D depending on their runoff potential. 
Soils in group A have the lowest runoff potential, while those in group D 
have the highest runoff potential. Soils in the Monocacy Creek watershed 
are primarily ranked in groups B and C, with some group D soils, as listed 
in Table 10. Curve numbers were then chosen from tables published by the 
SCS (19, 22} for varicms land uses, candit±o.ns arid soil groups. The 
portions of these tables relevant to this study, with land use designations 
for the Monocacy Creek and SCS descriptions, are given in Table 11. As 
illustrated in Table 11, those combinations of soil group and cover 
conditions with the highest runoff potential have the highest curve numbers 
and thus the lowest soil moisture capacity. 
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Table 9 I 
Soil Types Present in Monocacy Creek Watershed I 
Symbol Name I 
BnA Beddington silt loam, 0 to 3 percent slopes 
BoB Beddington shaly silt loam, 3 to 8 percent slopes I 
BrB Berks shaly silt loam, 3 to 8 percent slopes 
BtB Brinkerton silt loam, 3 to 10 percent slopes I 
ClA Clarksburg silt loam, 0 to 3 percent slopes I 
ClB Clarksburg silt loam, 3 to 8 percent slopes 
CmA Comly silt loam, 0 to 3 percent slopes I 
DuB Duffield silt loam, 3 to 8 percent_slopes 
Ho · Holly silt loam 
t· 
WaA Washington silt loam, 0 to 3 percent slopes I 
WaB Washington silt loam, 3 to 8 percent slopes 
WaD Washington silt loam, 15 to 25 percent slopes I 
I 
From (21) I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Subbasin 
1,2 
3 
4 
5 
6 
7 
8,9 
10 
11,12 
13 
From (21) 
&lil Types and 
Most Prevalent. 
Types H.S.G. 
BrB c 
WaA,WaB,WaD B 
BrB c 
WaA,WaB,WaD B 
ClA,ClB,CmA c 
BrB c 
WaA,WaB,WaD B 
ClA,ClB,CmA c 
WaA,WaB,WaD B 
WaA,WaB,WaD B 
WaA,WaB,WaD B 
WaA,WaB,WaD B 
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Table 10 
Hydrolopic Soil 
' 
Groups 
Moderately Prevalent Least Prevalent 
Types H.S.G. Types H.S.G. 
DuB,BnA,BoB B 
Ho,BtB D 
ClA,ClB,CmA c Ho D 
DuB,BnA,BoB B 
Ho,BtB D 
Ho D 
BrB c 
DuB ,BnA,BoB B 
Ho,BtB D 
Ho D 
BrB c 
ClA,ClB,CmA c Ho D 
ClA,ClB,CmA c Ho D 
Ho D 
Table 11 
1/ Runoff Curve Numbers for Selected Land Uses-
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STORM 
Designation SCS Description of Land Use 
Hydrologic Soil Group 
WOODED 
OPEN 
AGRICU 
LO RES 
MD RES 
HI RES 
COMMCL 
INDSTL 
Wood or forest land 
-poor: thin stand, no mulch 
fair 
good: litter and brush cover 
Open spaces, lawns, parks, golf courses, 
cemetaries, etc. 
good condition: grass cover on 75% or 
mo.re of area 
fair condition·: grass cover on 50% to 
75% of area 
Straight row, good hydrologic condition: 
row crops 
small grain 
close-seeded legumes or rotation meadow 
Contoured, good hydrologic condition: 
row crops 
small grain 
close-seeded legumes or rotation meadow 
Residential: 
Low density, lot size > 1 acre, 
20% impervious 
Medium density, lot size 1/4 to 1/2 acre, 
30% impervious 
High density, lot size 1/8 acre, 
65% impervious 
Commercial and business areas (85% impervious) 
Industrial districts (72% impervious) 
l/ Antecedent Moisture Conditon II 
B C D 
66 
60 
55 
61 
69 
78 
75 
72 
75 
73 
69 
68 
72 
85 
92 
88 
77 83 
73 79 
70 77 
74 80 
79 84 
8?.·· 89 
83 87 
81 85 
82 86 
81 84 
78 83 
79 84 
81 86 
90 92 
94 95 
91 93 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-J 
I 
I 
I 
I 
I 
The curve numbers in Table 11 are for the average soil moisture 
condition, which the SCS ealls antecedent moisture condition (AMC) II. The 
SCS (19) has published corresponding curve numbers for other soil moisture 
conditions as well, those being AMC I for dry soil, and AMC III for wet 
soil. The corresponding curve numbers are listed in Table 12 for the three 
antecedent moisture conditions. The curve numbers selected for AMC I for 
the Monocacy Creek watershed are given in Table 13. 
Values of the maximunt soil moisture capacity determined for the 
various subbasins and land uses of the Monocacy Creek watershed are 
listed in Table 14. These, values were calculated from the curve numbers 
for AMC I in Table 13. In determining these values of S, the various 
soil types present in each subbasin were assumed to be mixed throughout 
the subbasin, so that the curve numbers chosen from Table 12 were inter-
polated values for almost all land uses. For example, the soil group 
most prevalent in subbasins 1, 2, 4, and 6 was C, with soil groups B and 
D also present, B more so than D. The curve number for the LO RES land 
use for AMC II was thus chosen to be 76, which falls between the values 
for B and C in Table 12. 
The exception to this averaging of soil groups for all land uses 
was for the WOODED land use~ For subbasins 10 and 12, woods are located 
primarily on B group soils; for subbasins 1, 2, 4, 5, and 6, wooded land 
falls mainly on D soils; while on the remaining subbasins, most woods are 
located on group C soils. WOODED land located primarily near streams 
(subbasins 1 through 6) was considered to be in fair rather than good 
condition, since periodic flooding would reduce the brush cover and 
mulch. Curve numbers were chosen accordingly. 
48 
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Table 12 I 
Curve Numbers for Various Antecedent Moisture Conditions I 
Corresponding CN's I CN for 
AMC II AMC I AMC III 
I 100 100 100 
95 87 98 I 
90 78 96 
85 70 94 I 
80 63 91 I 
75 57 88 
70 51 85 I 
65 45 82 
60 40 78 I 
55 35 74 I 
50 31 70 
45 26 65 I 
40 22 60 . I 35 18 55 
30 15 50 I 
25 12 43 
20 9 37 I 
15 6 30 I 10 4 22 
5 2 13 I 
From (19) I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Table 13 
Curve Numbers for AMC I 
Subbasins 
Land Use 1,2,4,&6 3 5 7 
WOODED 61 57 61 51 
OPEN 53 43 49 49 
AGRICU 63 56 60 60 
LO RES 58 49 55 55 
MD RES 61 53 58 58 
HI RES 75 70 72 72 
COMMCL 85 82 83 83 
INDSTL 78 75 77 77 
Table 14 
!I 
Maximum Soil Moisture Capacities-
' 
S, 
Subbasins 
Land Use 1,2,4,&6 3 5 7 
WOODED 6.39 7.54 6.39 9.61 
OPEN 8.87 13.26 10.41 10.41 
AGRICU 5.85 7.85 6.65 6.65 
LO RES 7.24 10.41 8.18 8.18 
MD RES 6.39 8.87 7.24 7.24 
HI RE'' ~~ 3.33 4.29 3.89 3.89 
COMMCL 1. 76 2.20 2.05 2.05 
INDSTL 2.82 3.33 3.00 3.00 
1/ 
Also Starting Soil Mositure Capacities for AMC I 
50 
8,9,11&13 10&12 
51 40 
43 43 
56 56 
49 49 
53 53 
70 70 
81 82 
75 75 
inches 
8,9,11,&13 10,12 
9.61 15.00 
13.26 13.26 
7.85 7.85 
10.41 10.41 
8.87 8.87 
4.29 4.29 
2.20 2.20 
3.33 3.33 
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The curve numbers for residential areas in Table 12 were computed by the 
SCS assuming that roof and driveway runoff is directed to the street. In 
the Monocacy Creek watershed, the majority of this runoff drains to 
pervious areas, where additional infiltration can occur. Thus, curve 
numbers for residential areas were chosen slightly lower to account for 
this difference. 
Maximum soil moisture capacities were chosen during the preliminary 
stages of this project and, except for the AGRICU land use, were not 
adjusted during the calibration of STORM. The adjustments made to S 
values for the AGRICU land use during calibration of the program are 
discussed later in this report. 
Use of the SCS Technique in STORM requires that starting values of 
soil moisture capacity, S, be specified in addition to maximum values. 
Starting values of the soil moisture capacity are determined by 
adjusting curve numbers to account for antecedent moisture conditions, 
as described in the discussion of maximum S. The SCS (20) rates the AMC 
as I, II, or III on the basis of the total 5-day antecedent rainfall and 
the season, as shown in Table 15. The SCS (19) draws conclusions about 
runoff potential based on the AMC. AMC I has the lowest runoff potential 
since soils are considered dry enough for plowing and cultivation. AMC II 
is considered the average condition. AMC III has the highest runoff 
potential since soils are considered nearly saturated from antecedent 
rainfall. A-~ingle watershed with differing antecedent moisture conditions 
will have different runoff for identical rainfalls due tothe varying 
soil moisture. 
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Table 15 
SCS Antecedent Moisture Conditions Criteria 
Total 5-Day Antecedent Rainfall, inches 
November-April May-October 
AMC Dormant Season Growing Season 
I less than 0.5 ·less than 1. 4 
II 0.5-1.1 1. 4-2.1 
III greater than 1.1 greater than 2.1 
--------~----------
An additional cateogry, AMC I .v_, was created for this project to 
fill the gap between the values of starting S for AMC I and AMC II. Values-
of starting S for AMC I. V were calculated from averages of the curve 
numbers for AMC.I and AMC II in Table 12. 
Table 16 shows the antecedent rainfall for the three storms chosen 
for calibration of the model, and the AMC selected as the basis for starting 
3 for these storms. AMC II was selected for the April 1977 storm, contrary 
to the SCS criteria, due to the considerable precipitation and frozen 
ground that occurred in March 1977. Curve numbers and soil moisture 
~apacities for AMC I are given in tables 13 and 14 while those for AMC 
I.V, II, and III are given for the subbasins and land uses of the Monocacy 
Creek watershed in Appendix B. 
The initial soil moisture capacities for AMC I are equal to the 
maximum soil moisture capacities. Values of S for AMC I. V, II, and III 
are smaller. Initial S values were varied during calibration of the 
program to observe the effects on runoff quantity. The results of these 
variations are discussed later in this report. 
Table 16 
Antecedent Moisture Conditions for Selected Rainfall Periods 
Storm Total 5-Day Season Anteced~nt R?~nfall 2 in ~c Used . . I. ; . . 
July 1977 Growing 
.15 I 
April 1977 Dormant 
.02 III/ 
October 1976 Growing 0 I 
Considerable precipitation, frozen ground during preceding month. 
The initial_abstraction, Ia' has been previously defined as the 
interception, depression storage, and infiltration that occur prior to 
. 
the start of runoff. From empirical data, the SCS suggests calculating 
Ia = 0.2 * S (4-2) 
and this equation is included as a default option in STORM. Maximum and 
starting values of I were found using this expression. Maximum values a 
for the Monocacy Creek watershed range from 0.34 inches to 2.6 inches. 
These compare well with the 0.60 inches of depression storage found in 
calibrating the Coefficient Method in STORM. Maximum and starting values 
for I were varied in calibration along with maximum and starting values a 
of S. 
The maximum infiltration rates selected for the Monocacy Creek 
watershed are listed in Table 17. The primary basis for these values, 
summarized-in Table 18, were rates reported (3) forA group soils. In 
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addition, a maximum infiltration rate of 2.00 in/hr was reported 
(8) for the calibration of EPA's SWMM for Allentown, PA. 
value in SWMM is 3.00 in/hr. 
Table 17 
Selected Maximum Infiltration Rates, in/hr 
Subbasins 
The default 
Land Use 1,2,4,&6 3 5 7 8,9,11,&13 
WOODED 2.0 2.3 2.0 2.5 2.5 
OPEN 2.3 2.8 2.5 2.5 2.8 
AGRICU 2.3 2.8 2. 5. 2.5 2.8 
LO RES 2.3 2.8 2.5 2.5 2.8 
MD RES 2.3 2.8 2.5 2.5 . 2. 8 
HI RES 2.0 2.5 2.3 2.3 2.5 
COMMCL. 1.0 2.0 2.0 2.0 2.0 
INDSTL 1.0 2.5 2.3 2.3 2.5 
··-- -·---- ... - -· --
Table 18 
Infiltration Rates - Cover 
Cover Maximum Infiltration Rate, in/hr 
hay, pasture 4.0 
grain or weeds 2.0 
bare ground - clean tilled 1.0 
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10&12 
2.8 
2.8 
2.8 
2.8 
2.8 
2.5 
2.0 
2.5 
The Bureau of Reclamation (24) reports the minimum infiltration rates 
in Table 19. Similar infiltration rates for clean tilled crops after 
approximately one hour of wetting have been reported (3). 
Soil Group 
A 
B 
c 
D 
Table 19 
Infiltration Rates - Soil Group 
Minimum Infiltration Rate, in/hr 
0.45 
0.30 
0.15 
0.08 
From this background, the values in Table 20 were assumed for the 
land uses and soil groups present in the Monocacy Creek watershed. The 
values selected for input to STORM, Table 17, were interpolated from 
Table 20 as dictated by the prevalence of the soil groups in each subbasin. 
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Table 20 
Maximum Infiltration Rates, in/hr 
Soil Group 
Land Use B c D 
WOODED . 3.0 2.5 2.0 
OPEN 2.8 2.3 2.0 
AGRICU 2.8 2.3 2.0 
LO RES 2.8 2.3 2.0 
MD RES 2.8 2.3 2.0 
HI RES 2.5 2.0 2.0 
COMMCL 2.5 2.0 2.0 
INDSTL 2.5 2.0 2.0 
The ma.xim.um. percolation rates selected for the Monocacy Creek 
watershed are listed in Table 21. Soil percolation rates for the soil 
types present, listed in Table 22, were identified (21). The values 
in Ta.ble 21 were then chosen based on the prevalence of soil types in 
each subbasin.. For example, the soil tyPe most prevalent in subbasins 
1, 2, 4, and 6 is BrB (percolation rate 2,0 to 6.3 in/hr) with some DuB, 
BnA, BoB., Ho, and BtB present (0 .. 63 to 2 .. 0 in/hr) as well. The maximum 
percolation rate for most of the land uses was therefore selected as 
5.0 in/hr. Wooded land, however, .was mainly on Ho soil along streams for 
these subbasins, so the maxim~ rate of 2.0 in/hr was selected. 
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Table 21 I 
Maximum Percolation Rates, in/hr I 
Subbasin 
Land Use 1,2,4,&6 3 5 7 8,9,11&13 10&12 I 
WOODED 2.0 2.0 2.0 2.0 2.0 2.0 
.I 
OPEN 5.0 2.0 3.0 3.0 2.0 2.0 
AGRICU 5.0 2.0 3.0 3.0 2.0 2.0 I 
LO RES 5.0 2.0 3.0 3.0 2.0 2.0 
MD RES 5.0 2.0 3.0 3.0 2.0 2.0 
I 
HI RES· ·3~0 2.0 3.0 3.0 2.0 2.0 
' COMMCL 1.5 2.0 2.0 2.0 2.0 2.0 
INDSTL 2.5 2.0 3.0 3.0 2.0 2.0 I 
I. 
Table 22 I 
Percolation Rates for Various Soil Types I 
Percolation Rate 
Soil Types in/hr I 
WaA,WaB,WaD 0.63-2.0 I 
DuB,BnA,BoB 0.63-2.0 
CU,CiB, CmA 0.63-2.0 I 
BrB 2.0-6.3 
Ho 0.63-2.0 I 
BtB 0.2-0.63 I 
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A measage printed in the output for STORM warns when either the 
maximum infiltration or percolation rates are larger than the maximum soil 
moisture capacity. Values of the maximum infiltration and percolation 
rates for the COMMCL land use in most subbasins were reduced on this basis. 
The adjusted values are given in Tables 17 and 21, respectively. These 
were the only changes made to the maximum infiltration and percolation 
rates during the calibration of STORM. 
The final data required for the SCS Technique in STORM are values 
for the evapotranspiration and percolation exponents, v and p. The HEC 
(18) found that· values-ranged between LO and5.0. In calibrating· STORM 
for the Monocacy Creek watershed, values rangi_ng_ betwee1_1 1.0 and 10.0 
were tested. Setting v and p equal to 4.0 gave the best results in the 
initial calibration. The effects of changing v and, p are discussed 
elsewhere in this report. 
4.3 Streamflow Records 
Every significant rainfall over a watershed results in an increase in 
streamflow. This increased streamflow is generally treated as equal to the 
surface runoff caused by the rainfall. STORM predicts the quantity of 
surface runoff which will result from a specified rainfall record over ~ 
specified watershed. If the streamflow records corresponding to a real 
rainfall are obtained, then STORM can be calibrated so that its predictions 
of surface runoff quantity match the streamflow records. Streamflow records 
studied for the calibration of STORM for the MOnocacy Creek watershed are 
described below. 
58 
Streamflow records for the Monocacy Creek were obtained from 
the USGS (26, 27, 28). Gaging station number 01452500 is on the 
Monocacy Creek, 2.7 miles upstream of the confluence with the 
Lehigh River. Runoff from 42.92 square miles within the watershed, 
designated previously as subbasins 1 through 13, contributes to 
the flow passing the gaging station. 
Selection of rainfall and streamflow records for the calibration 
of STORM for the Monocacy Creek watershed was severely limited by 
the streamflow records available. The record for the Monocacy Creek 
gaging station is rated as "poor", the worst possible rating given 
by the USGS (7). The official hourly record is filled with such 
comments as "recorder punching incorrectly," "no gage height record 
June 4 to July 1," "recorder clock stopped," and "manometer jammed 
high". The Monocacy Creek gaging station, built in 1969, consists 
of a manometer just upstream of a concrete control. The manometer 
gage is subject to excessive reaction due to pressure surges and is 
not as sensitive to changes in stage as some other types of stream 
gages (7). Modifications made to the station late in 1977 were 
expected to produce a better record. Unfortunately, this improved 
record was not available when the work described in this report 
was performed. Records for the months of January, February, and 
March were not considered so that snowfall and frozen soil conditions 
would not further complicate this attempt at calibrating STORM. 
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The streamflow records selected for calibration of STORM correspond 
to rainfall events which occurred on October 20, 1976, April 2-3, 1977, 
April 4-5, 1977 and July 19-20, 1977. Hydrographs of streamflow versus 
time for these periods are shown in Figures 13, 14, 15 and 16. These 
hydrographs were constructed from the hourly stream stage records and 
rating table in Appendix C. 
Figures 13, 14 and 15 each contain an observed and revised hydrograph. 
The revised hydrographs were constructed on the assumption that, despite 
the absence of comments in the hourly records, the manometer probably 
recorded higher than actual stages and then reacted too slowly to the 
reduction in stream stage following the flood wave. These assumptions 
were made following comparisQn of the October 1976 and April 1977 hydro-
graphs with the one for July 1977. The July' 1977 hydrograph shown in 
Figure 16 was assumed to be correct as observed. 
Table 23 highlights some of the similarities and differences between 
the hydrographs for the various storms. The double crests, a characteristic 
feature of hydrographs for this watershed caused by its geography, occur 
between four and eight hours apart. This time lag was maintained for each 
of the revised hydrographs. The time between the last crest and the end 
of the falling limb was revised for the October 1976 and the April 1977 
hydrographs to be approximately the value of 27 hours as observed in the 
July 1977 storm. The peak streamflow values for the October 1976 and the 
April 1977 hydrographs were reduced. Lastly, the streamflow values at 
the end of the falling limb for these same three hydrographs were reduced 
to be only slightly greater than the streamflow values prior to the start 
of rainfall. 
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Table 23 
Observed and Revised Hydrograph Characteristics 
Time Between Crests,hrs Time to End of Falling Limb,hrs 
Observed Revised Observed Revised 
7 7 12 20 
19 24 
4 5 39 26 
8 27 
Streamflow, cfs 
Streamflow, cfs Prior -.to 
First Crest Second Crest Rain At End 
Observed Revised Observed - Revised Observed Observed Revised 
101 83 192 115 38 70 45 
163 104 61 92 68 
168 134 198 150 90 162 106 
177 134 244 162 
72 81 23 28 
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To separate base flow from the surface runoff contribution to streamflow, 
a straight line was drawn from the point of rise of each hydrograph to the 
approximate end of the falling limb. This is the simplest of a number of 
techniques available (12). The area under each hydrograph, with base flow 
su~tracted, is then equal to the surface runoff volume in acre-inches, since 
one acre-inch per hour is approximately equal to one cubic foot per second. 
The rainfall depth and volume, and observed and revised surface runoff volume 
for each of the four storms considered are listed in Table 24. The surface 
runoff volume calculations for each hydrograph are included in Appendix C. 
Table 24 
Rainfall Volume and Observed SRO Volume 
Rainfall Hydro graph SRO Volume 
Depth Volume- Observed Revised Percent Rainfall 
Storm inches ·ac-in ac-in ac-in Observed· · Revised 
October 1976 1.65 45,300 1525 666 3.37 1.47 
April 1977-1 1.24 34,100 983 440 2.88 1.29 
April 1977-2 1. 79 49,200 3584 1125 7.28 2.29 
July 1977 1.61 44,200 610 610 1.38 1.38 
4.4 Data Required for Quality Calibration 
To calibrate the runoff quality portions of STORM, two sets of data are 
required. Pollutant accumulation rates are input data to STORM, and stream 
quality data for selected events must be available to confirm the quality 
predictions from STORM. Quality analysis cannot be performed without enter-
ing quantity data for one of the runoff calculation methods in STORM. 
Pollutant accumulation input data can be expressed as dust and dirt 
accumulation rates or as daily pollutant accumulation rates. The dust and 
dirt accumulation method is available for urban areas with curbs and 
gutters in the streets. In rural areas without these improvements, the 
daily pollutant accumulation method is recommended by the HEC (18). Since 
the MOnocacy Creek watershed is primarily rural, pollutant accumulation 
input data for this study: were expressed as daily pollutant accumulation 
rates. 
The. pollutants and pollutant indicators modeled By STORM are suspended 
solids, settleable solids, BOD, total nitrogen, total ortfiophosphate, and 
coliform count. Daily acc;:u~ation rates foreach of these pollutants must 
be specified for each land use. The HEC (17) suggests that average daily 
pollutant accumulation rates be computed from stormwater runoff quality 
data. Measurements of mass discharges of a given pollutant for several 
selected events could be extrapolated to an annual mass discharge. The 
annual mass discharge, divided by the number of dry days in the year, would 
yield the average daily pollutant accumulation rate. 
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Stream quality data for the Monocacy Creek watershed were not available 
for this study. In the absence of mass pollutant discharge data for individual 
land uses in the Monocacy Creek watershed, pollutant accumulation rates from 
other watersheds were used. The values assumed for the Monocacy Creek water-
shed for this study are listed in Table 25. These values were based on 
limited data for other watersheds published by the HEC (18). 
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Assumed Pollutant 
Solids 
Land Use Suspended Settleable 
1·!00DED 0.80 0.08 
OPEN 0.40 0.04 
AGRICU 1.00 0.10 
10 RES 0.12 0.09 
MD RES 1.00 0.50 
HI RES 3.16 1.00 
COMMCL 19.10 1.91 
INDSTL 25.00. 2.50 
1/ 
Organic Nitrogen + NH3 + N03 
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Table 25 
Accumulation Rates, lbs/acre/day 
N. 1/ Coliform BOD ~trogen- Orthophosphate (billion MPN/ac/day 
0.01 0.002 0.000024 0.001 
0.02 0.007 0.002 1.00 
0.02 0.044 0.0002 0.50 
0.04 0.007 0.0042 1.20 
0.07 0.028 0.0063 1. 26 
0.13 0.025 0.02 9.80 
0.46 0.212 0.04 9.00 
0. 39 0.209 0.03 10.00 
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5. CALIBRATION OF STORM 
Once the data required to operate STORM were prepared, a number of test 
runs were made to calibrate the model for the Monocacy Creek watershed. In 
calibration, certain wa~ershed data were varied until the predicted quantity 
output of the program matched the runoff quantities from the selected 
historical streamflow records. As described earlier, the four periods 
of rainfall data studied were October 20, 1976, April 2 and 3, 1977, April 
4 and 5, 1977, and July 19 and 20, 1977. 
Calibration of the quality portions of the program requires water 
quality data for the periods under study. Water quality data for the 
Monocacy Creek watershed were not available for inclusion in this study. 
However, pollutant-accumulation rates from other watersheds were·input 
to the model, as described earlier in this report, to show how the runoff 
quantity portion of the program drives the quality portion. The water 
quality predictions generated with the quantity calibrations are described 
later in this section. 
5.1 Runoff Quantity Calibration of STORM 
The quantity portions of STORM were calibrated for the four storms 
using both the Coefficient Method and Modified SCS Technique. The best 
calibration runs for each storm are presented in Table 26. All but three 
of the eight predictions are within 6% of the hydrograph volumes of surface 
runoff. The model, for this calibration, was least effective in predicting 
runoff for the fall storm by the SCS Technique and for the first of the 
two April storms by both methods. 
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Table 26 
Results of STORM Calibration for Monocacy Creek Watershed 
Surface Runoff, ac-in 
Prediction as % 
Hydro graph STORM Predictions Of Hydrograph Volume 
Storm Volume Coefficient scs Coefficient scs 
October 1976 666 650 485 98 73 
April 1977-1 440 545 260 124 59 
April 1977-2 1125 1085 1195 96 106 
July 1977 610 635 620 104 102 
In preparing data for STORM, the Monocacy Creek watershed was divided 
into thirteen subbasins as previousl-y·· described. The output results are 
similarly divided with the surface runoff from each subbasin shown in 
Table 27 for the July 1977 storm. The surface runoff volume for the 
watershed as a whole was calculated using the area of each subbasin. 
When comparing the runoff predicted for each subbasin in Table 27, 
the values are all within 0.01 inch except for subbasins 6.~ 12., and 13 .. 
The percent of area dedicated to each land use, which remains constant 
for each subbasin regardless of the runoff computation method, is 
responsible for the similarities. The differences can be attributed to 
factors unique to each of the two methods, such as percent imperviousness 
.of each land use and subbasin for the Coefficient Method, and soil 
moisture capacities in the SCS Technique. 
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Table 27 
Runoff Predictions for Each Subbasin, July 1977 
Land Area, Surface Runoff, in Surface Runoff, ac-in 
Subbasin acres Coefficient scs Coefficient scs 
1 1915 0.04 0.04 75 75 
2 3150 0.03 0.04 95 130 
3 2960 0.02 0.02 60 60 
4 2170 0.01 0.02 20 45 
5 2395 0.01 0.01 25 25 
6 2260 0.01 0.03 25 70 
7 1325 0.07 0.07 95 95 
8 183~ 0.01 0 20 0 
9 3425 0.02 0.02 70 70 
10 1840· 0.02 0.01 35 20 
11 995 0.01 0 10 0 
12 1785 0.02 0 35 0 
13 1415 0.05 0.02 70 30 
TOTAL 635 620 
Before discussing the test runs for each of the runoff computation 
methods, some general comments are in order. First, it should be noted that 
the developers of STORM recommend (17,18) that it be calibrated for a rainfall 
record of at least one year in length. For such a record, the response of 
the computer model to any individual storm is based on an average annual 
runoff condition. Unfortunately, the lack of continuity in the stream gage 
records for the Monocacy Creek watershed made it necessary to calibrate the 
program for several short rainfall records. The calibration reported here 
would probably require revision before adequately predicting runoff volumes 
on an annual basis, since spring, summer, and fall storms, but no winter 
storms, were modeled. 
As discussed in the section of this report on data requirements, the 
surface runoff volumes for April 1977 and for October 1976 presented in 
Table 26 were calculated from revised stream hydrographs. Only the runoff 
volume for the July 1977 storm is from an observed hydrograph. For this 
reason, the discussion of calibration will be directed primarily toward 
the July 1977 storm. The April 1977 storms were included so that the 
response of the program to ·the interaction of two rainfall periods could 
be examined. Modeling the October 1976 storm made runoff conditions 
at the end of .the .growing season par:t of the calibration. 
Another consideration is the way in which the STORMuutput depends 
on the "event", defined as a continuous use of some desi~ated storage 
volume, which commences only when some specified treatment rate is 
exceeded. Values of runoff printed in the output are those which occur 
during an event. Any runoff occurring before the event starts, that is 
before the treatment rate is exceeded, is not included in the output. The 
data presented in Table 28 for two test runs illustrate the effect that 
the treatment rate can have on the runoff quantity reported. A low treat-
ment rate should be used consistently throughout the calibration process. 
Storage volumes sized to be emptied in fifteen hours were used so that 
short interruptions in rainfall would not result in a new event. On the 
other hand, the fifteen hour maximum ~ptying time separated the. April 
1977 storms into two distinct events. Limiting the maximum storage time 
also limited computational time and thus the expense of the calibration 
process. 
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It has been recommeded (17) that the model be calibrated on a number 
of small test watersheds, with each of them having only one of the major land 
uses. The variables which are a function of land use, once calibrated for 
the test watersheds, can then be used to calibrate the model for the water-
shed as a whole. This approach would require streamflow data for each of 
the test watersheds. Unfortunately, only one stream gaging station was 
operating in the Monocacy Creek watershed when this study was conducted, so 
the model could not be calibrated on watersheds with a single land use. 
Table 28 
Runoff Predictions for-Varying Treatment Rates 
April 1977, SCS Technique, AMC II, v,p = 5.0 
Treatment 
Rate, in/hr 
0.001 
0.0002 
Surface Runoff, ac-in 
April 1977-1 April 1977-2 
270 1235 
320 1265 
5.1.1 Calibration--Coefficient Method 
In calibrating the Coefficient Method in STORM for the MOnocacy Creek 
watershed, values of the maximum depression storage, D , and runoff 
max 
coefficients for impervious and pervious areas, Ci and Cp respectively, 
were varied until the STORM runoff quantity prediction matched the runoff 
volumes calculated from the stream hydrographs. The range of values 
tested and the values used to obtain the best calibration results shown 
in Table 26 are given in Table 29. A single value of each variable was 
chosen to give an adequate calibration of STORM for all four storms studied. 
I 
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Identical values of each variable were used for all thirteen subbasins, 
except that C. was increased for subbasins 1, 2, 7, and 13, as noted in ~ 
Table 29. Values of the land use and percent imperviousness were not varied 
in the test runs. 
Table 29 
Calibrated Variable Values - Coefficient Method 
Variable Range Tested Selected Value 
Maximum Depression Storage, D , in. 0.15 to 1.00 0.60 max 
Runoff Coefficient, Pervious Areas, C 0.01 to 0.15 0.01 p 
Runoff Coefficient, Impervious Areas, Ci 0.05 to 0.90 0.10 (subbasins 3, 4, 5, 6, 8, 9, 10, 11, 
and 12) 
c. (subbasins 1, 2, 7, and 13) 0.30 to 0.90 0.30 ~ 
The subbasins of the watershed are ranked by their values of the 
composite runoff coefficient, C, in Table 30. As described earlier, C is 
the fraction of rainfall excess that becomes runoff, 
R = C (P- d). (3-1) 
For July 1977, substituting total rainfall P = 1.61 inches, total 
depression storage d = 0. 60 inch~ and total :J;"a.infall exces.$. (g ..,.. d} = 
1.01 inches, the runoff R for each subbasin in Table 30 is approximately 
equal to its value of C. Furthermore, since C is calculated based on the 
fractions of pervious and impervious areas in the subbasin, 
(3-2) 
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the four subbasins with the highest runoff are those with C. equal to 
1 
0.30 as would be expected. The rankings by C or runoff for any storm 
modeled with this set of calibrated data would be identical. 
Subbasin 
7 
13 
1 
2 
9 
12 
3 
10 
5 
6 
4 
8 
11 
Table 30 
Subbasins Ranked by Composite Runoff Coefficient 
July 1977, Best Calibration 
c = 0.01 p 
c Surface Runoff, 
0.07406 0.07 
0.05246 0.05 
0.03685 0.04 
0.02998 0.03 
0.02009 0.02 
0.01992. 0.02 
0.01852 0.02 
0.01715 0.02 
0.01411 0.01 
0.01359 0.01 
0.01285 0.01 
0.01283 0.01 
0.01247 0.01 
ac-in c. 1 
0.30 
0.30 
0~30 
0.30 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
Summaries of some of the test runs made for the Coefficient Method 
appear in Tables 31 and 32. Various combinations of D , C ,.and Ci 
max p 
were tested until acceptable results were obtained for April 1977 and 
for July 1977 when using the same combination, which was then tested and 
found acceptable for October 1976. Thus, storms occurring in three seasons 
were modeled adequately by a single set of calibrated variables. 
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Figure 17 shows how surface runoff volumes varied for the July 1977 
storm as D was varied, with other variables kept constant. Although the max 
slope of the line for each rainfall record will vary, in this case an 
increase in D from 0.15 to 1.00 inch resulted in a 58% reduction 
max 
in the surface runoff volume. 
Table 31 
STORM Test Runs - Coefficient Method 
July 1977 and October 1976 
Run Date of Last D Surface Runoff max c c. C.(l,2,7,13) Number Prior Rainfall inches p ]. ]. ac-in 
1 July 17 0.15 0.15 0.90 0.90 8463 
2 July 17 0.15 0.02 0.10 0.30 1315 
3 July 17 0.15 0.01 0.10 0.30 965 
4 July 17 0.20 0.02 0.10 0.30 1255 
5 July 17 0.20 0.01 0.05 0.30 680 
6 July 17 0.40 0.01 0.10 0.30 805 
7 July 17 0.60 0.01 0.10 0.30 805 
8 July 17 1.00 0.01 0.10 .0. 30 805 
9 July 12 0.40 0.01 0.10 0.30 805 
10* July 12 0.60 0.01 0.10 0.30 635 
11 July 12 1.00 0.01 0.10 0.30 405 
12* Oct. 9 0.60 0.01 0.10 0.30 650 
* Best Calibration 
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Figure 17 
Sensitivity of Surface Runoff to Varied Depression Storage 
July 1977, Coefficient Method, Runs 3, 9, 10, and 11 
77 
1.00 
78 
Table 32 
STORM Test Runs - Coefficient Method 
April 1977 
Surface Runoff 
Run Depression c c. C.(l,2,7,13) ac-in Number Storage, inches p l. l. . April 2-3 April4-::-5 
1 0.15 0.15 0.90 0.90 6429 9947 
2* 0.60 0.01 0.10 0.30 545 1085 
3 0.15 0.01 0.10 0.30 665 1085 
4 0.15 0.02 0.10 0.30 990 1605 
5 0.15 0.03 0.10 0.30 1300 2060 
6 0.60 0.02 0.10 0.30 730 1605 
7 0.60 0.03 0.10 0.30 1000 2060 
8 0.60 0.05 0.10 0.30 1360 2920 
* Best Calibration 
The change in surface runoff volumes'with variation in runoff coefficient 
while keeping D constant, is shown in Table 33. Reducing the value of C 
max p 
in runs 2 and 3 by one-half resulted in a 27% reduction in surface r·unoff 
volume. Run number 1, with the runoff coefficients se:t to the default values 
included in STORM (18) gave a runoff volume 14 times greater than that obtained 
from the stream hydrograph. The runoff coefficients were reduced significantly, 
therefore, during calibration of the model for the Monocacy Creek watershed. 
The calibrated values of C = 0.01 and C. = 0.10 (0.30 for four subbasins) p l. 
signify that only 1% and 10% (or 30%) of all excess precipitation on pervious 
and impervious areas, respectively, contribute to surface runoff. 
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Table 33 
STORM Test Runs - Coefficient Method~Calibrating Runoff Coefficients 
July 1977 
D = 0.15 in. 
max 
Run c c. C.(l,2,7,13) Surf ace Runoff 
Number p l. l. ac-in 
1 0.15 0.90 0.90 8463 
2 0.02 0.10 0.30 1315 
3 0.01 0.10 0.30 965 
There are .several justifications for calibrated values of C and C. p l. 
which are so much smaller than the default values in STORM. First, there 
are no storm sewers in the portion of the Monocacy Creek watershed being 
modeled, which is primarily rural. Thus, many of the impervious areas, 
such as rooftops, driveways, and sidewalks, drain to pervious land, effective-
ly lowering the runoff coefficient for impervious areas. A similar effect 
was noted (8) when the Environmental Protection Agency's SWMM was calibrated 
for a nearby suburban watershed. Where large impervious areas are located 
such that runoff can drain directly to the Monocacy Creek, as in subbasins 
1, 2, 7 and 13, the value of C. was increased to 0.30. The default values 
l. 
provided may have been for an urban watershed. Also, C and C. are designed p l. 
in STORM to represent an annual average condition, but were calibrated here 
only for precipitation in spring, summer, and fall. Calibrating for winter 
storms in addition might increase the calibrated values of C and C. for p l. 
79 
the Monocacy Creek watershed. 
Runs number 6, 7, and 8 in Table 31 for July 19 and 20, 1977, appear 
to contradict the pattern illustrated in Figure 17. Increasing the maximum 
depression storage from 0.40 inch to 0.60 inch and 1.00 inch yielded 
no decrease in the surface runoff volume for C = 0.01 and C. = 0.10. p l. 
These runs show two things. Firstly, that antecedent moisture conditions 
can affect the surface runoff volume predicted by the Coefficient Method 
and that antecedent rainfall input data for STORM can lead to erroneous 
results. Both of these points hinge on the selection of the date and 
80 
final hour of the "last major precipitation preceding the rainfall record" (18). 
The date of the last major precipitation preceding the rainfall record 
was chosen as July 17, hour ~1, for runs number 6, ,7, and 8. Table 2 and· 
Appendix A show this to be the last hour of precipitation prior to the 
input record. At that point, the STORM program assumes that the available 
depression storage is zero. From then until the first hour of rainfall 
in the input record, hour 18 on July 19, 1977, STORM calculates recovery 
of depression storage by evaporation. For July, the total calculated 
recovery was 0.38 inch during those 44 dry hours. Thus, even though the 
maximum depression storage was as high as 1.00 inch, the total available 
depression storage in all three cases was equal to 0.38 inch; and the. 
surface runoff volume did not fall below 805 ac-in for C = 0.01 and p 
Ci = 0.10. The antecedent moisture input data for the program affected 
the computation of the runoff volume, keeping it at a higher value than 
if antecedent moisture had not been considered. 
The rainfall of July 17 should not be considered the last major 
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preceding precipitation, however. The 0.15 inch of precipitation that was 
recorded that day would not fill maximum depression storages ranging from 
0. 40 to 1. 00 inch. The model is programmed, though, to start ~vith the 
available depression storage equal to zero on July 17. The evaporation 
then calculated to occur was not sufficient to restore the available 
depression storage to maximum. The last major precipitation should therefore 
be defined as the last preceding precipitation which either fills the 
maximum depression storage or exceeds the total moisture loss by evaporation 
prior to the first hour of rainfall in the input record. 
Using these guidelines, the date of the last major precipitation 
was changed to July 12, hour 23, with 0.59 inch of rainfall recorded. 
With evaporation for July at 0.20 in/day, STORM arrived at the first 
hour of the rainfall record on July 19 w~th the ava~lable depression 
storage at maximum. Runs 9, 10; and 11 in Table 31 and Figure 17 show 
the reduction in runoff volumes for increases in D which occurred 
max 
following the change in date. 
Three pairs of test runs for April 1977 illustrate the modeling of 
the interaction of two storms by the Coefficient Method. The data are 
presented in Table 34. In each case, the increase in D from 0.15 
max 
inch to 0.60 inch resulted in a decrease in the surface runoff volume· 
for the storm of April 2 and 3, 1977, but resulted in no change in runoff 
for the storm of April 4 and 5. The available depression storage at the 
start of the second storm was equal to 0.067 inch in all cases, due to 
40 hours of evaporation at 0.04 in/day. Thus, no matter what value•of 
D was used, the excess precipitation for the second storm was identical. 
max 
Table 34 
Modeling of Two Closely Spaced Storms - Coefficient Method 
c D inches Surface Runoff Volume, ac-in Run Number p max' April 197'Z-l April 1977-2 
3 0.01 0.15 665 1085 
2 0.01 0.60 545 1085 
4 0.02 0.15 990 1605 
6 0.02 0.60 730 1605 
5 0~03 0.15 1300 2060 
7 0.03 0.60 1000 2060 
The reduced value of available depression storage for April 1977-2 
was due to the rainfall of April 1977-1. The result was that runoff was 
a greater fraction of the total rainfall for the second storm than for the 
first. The data presented in Table 35 show that runoff was about 1.6 
percent of total rainfall for April 1977-1. This is comparable to a 
value of 1.4 percent for October 1976 and July 1977. For April 1977-2, 
however, the runoff was 2.2 percent of the total rainfall. The higher 
percentage for April 1977-2 was a result of the lower available depression 
storage at the start of the storm. 
Table 35 
Recorded Rainfall and Runoff Predictions - Coefficient Method 
Predicted Runoff/Rainfall Ratio 
Storm Rainfall, ac-in Runoff, ac-in % 
October 1976 45,300 650 1.4 
April 1977-1 34,100 545 1.6 
April 1977-2 49,200 1085 2.2 
July 1977 44,200 635 1.4 
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I 5.1.2 Calibration--Modified SCS Technique 
I The Modified SCS Technique in STORM was calibrated for the Monocacy Creek watershed by varying several input variables until the runoff quantities 
I pred1cted by STORM were close to the runoff volumes calculated from the 
stream hydrographs. The input variables calibrated were the starting soil 
I moisture capacity, S , and initial abstraction, I , exponents v and p start a 
I in evapotranspiration and percolation functions, and maximum soil moisture capacity, S , and initial abstraction, I , for agricultural land use. 
max a 
I Changes of S t t and I for all land uses represented variations in. the s ar a 
I 
assumed antecedent moisture conditions, while variations in S and I 
max a 
values for AGRICU only symbolized the use of alternative agricultural 
I soil conservation practices within the watershed. Various combinations of S , I , v, and p were tested for. all four storms in the search for the 
start a II one combination of variables suitable for all four. The choice of AMC for 
I 
I 
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I 
I 
I 
each storm was dictated primarily by the SCS criteria for antecedent rain-
fall discussed earlier and presented in Table 15. The range of values 
tested and the values used to obtain the best calibrations in Table 26 
are given in Table 36 and Appendix B. Values of the initial abstraction 
were always equal to 0.2 S. 
Using the Modified SCS Technique to calibrate STORM was more difficult 
than using the Coefficient Method because the input data requirements for 
the SCS Technique are more complex. For example, the maximum depression 
storage in the Coefficient Method must be selected once for each subbasin, 
and when varied during calibration, only thirteen values required revision. 
In the SCS Technique, on the other hand, changing the AMC required revisions 
83 
Table 36 
Calibrated Values--Modified SCS Technique 
Variable Range Tested Calibrated Value 
AMC for October 19]6. I to II I 
AMC for April 1977 I to III II 
-AMC for July 19..77 I to I.V I 
v and p 1.0 to 10.0 4.0 
s for AGRICU, inches 
max 
Subbasins 1, 2, 4, 6 5.15 to 7.24 5.85 
Subbasins 3, 8, 9, 10, 11, 12, 13 7.50 to 9.23 7.85 
Subbasins 5, 7 5.85 to 7.86 6.65 
for Sstart and la for eight land uses in thirteen subbasins, for a total of 
208 values requiring revision. Except for the AGRICU land use, the S and 
max 
I were. not varied in the test runs. 
a 
Summaries of the test runs made for the Modified SCS Technique appear 
in Tables 37, 38, and 39. Examining some of these runs illustrates the 
changes in surface runoff quantity predictions from STORM in response to 
changes in certain input variables. 
The variables given primary consideration in this calibration of the 
Modified SCS Technique in STORM were S and I for AGRICU. Four sets of 
max a 
these data were tested., designated in Tables 37, 38, and 39 as Original 
and Revisions 1, 2, and 3. The S values. for AGRICU corresponding to 
max 
these designations for each subbasin are given in Table 40, along with the 
curve number from which each value was calculated. The calibrated values 
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I Table 37 
I STORM Test Runs - Modified SCS Technique October 1976 
I 
I Run AGRICU Surface Runoff s in Number max' .. AMC v & p ac-in 
-I 1 Original I.V 5.0 520 
I 2 Original II 3.0 505 3 Original II 5.0 625 
4 Revision 1 I 3.0 590 I 5 Revision 1 I 5.0 590 
6 Revision 1 I.V 1.0 590 
I 7 Revision 1 I.V 3.0 810 
8 Revision 2 I.V 1.0 435 
I 9 Revision 2 I.V 3.0 555 10 Revision 2 I.V 5.0 610 
I 11 Revision 3 II 3.0 665 12 Revision 3 II 5.0 770 
I 13 Revision 3 I.V 3.0 615 14 Revision 3 I.V 4.0 665 
15 Revision 3 I.V 5.0 710 I 16 Revision 3 I 3.0 485 
17* Revision 3 I 4.0 485 
I 18 Revision 3 I 5.0 485 
I 
I * Best Calibration 
I 
I 
I 
86 I 
Table 38 I 
STORM Test Runs - Modified 
April 1977 
scs Technique I 
Run AGRICU Surface Runoff, ac-in I s in Treatment 
Combined]/ April Number max' AMC v & p Rate, in/hr Aoril 2-3 4-5 
I 1 Original I 10.0 .001 1060 
2 Original II 3.0 .001 980 I 3 Original II 5.0 .001 1150 
4 Original II 10.0 .001 1490 I 5 Original III 3.0 .001 980 
6 Original III 5.0 .001 1150 
7 Original III 10.0 .001 1490 I 
8 Revision 1 I.V 3.0 .001 270 1280 
9 Revision 1 II 1.0 .001 215 1170 I 
10 Revision 2 I.V 5.0 .001 250 1120 
11 Revision 3 II 3.0 .001 185 925 I 12 Revision 3 II 5;0 .001 270 1235 
13 Revision 3 III 3.0 .001 185 925 I 14 Revision 3 III 5.0 .001 270 1235 
I 
15 Revision 3 II 3.0 .0002 225 1020 
16* Revision 3 II 4.0 .0002 260 1195 I 
17 Revision 3 II 5.0 .0002 320 1265 
18 Revision 3 III 4.0 .0002 260 1195 I 
* Best Calibration I 
1/ Runoff for runs number 1 to 7 could not be separated for the two storms I 
because of the treatment rate and storage volume used. 
I 
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Table 39 
STORM Test Runs - Modified SCS Technique 
July 1977 
AGRICU Surface Runoff Run s in Number max' AMC V'& P ac-in 
1 Original I 3.0 445 
2 Original I 4.0 445 
3 Original I 10.0 445 
4 Original I.V 3.0 520 
5. Original I.V 5.0 600 
6 Original I.V 10.0 675 
7 Revision 1 I 1.0 790 
8 Revision 1 I 3.0 790 
9 Revision 1 I 5.0 790 
10 Revision 2 I 1.0 535 
11 Revision 2 I 3.0 535 
12 Revision 2 I 5.0 535 
13 Revision 2 I 10.0 535 
14 Revision 3 I 3.0 620 
15* Revision 3 I 4.0 620 
* Best Calibration 
Table 40 
Test Sets of Curve Number, CN, and s for AGRICU max 
Original Re-Vision 1 Revision 2 Revision 3 
Subbasins CN s CN s CN s CN s max max max max 
1, 2, 4, & 6 58 7.24 66 5.15 62 6.15 63 5.85 
3, 8, 9, 10, 52 9.23 57 7.50 55 8.20 56 7.85 11, 12' & 13 
5 & 7 56 7.86 63 5.85 58 7.25 60 6.65 
of S in Table 36 are for Revision 3. max 
Runs number 1, 8, 11, and 14 in Table 39 for July 1977, all with AMC I, 
illustrate the variations in the"STORM runoff predictions due to the change 
in S for AGRICU. Run number 1, with the highest values for.S , had the 
max max 
lowest runoff, while run number 8, with the lowest values for S , had the 
max .. 
highest runoff. As expected, lower values of the soil moisture capacity, 
representing higher runoff potential, resulted in higher runoff predictions. 
The same results would be observed in a long-term simulat~on. 
The development of values for S in the Monocacy Creek watershed 
max 
was discussed in detail in the section of this report on data requirements. 
The prevalent soil types and existing land uses were both considered in 
selection of SCS curve numbers from Table 11. In the first few test runs, 
however, the STORM predicted value of 445 ac-in for July 1977 was consider-
ably lower than the runoff quantity of 610 ac-in from the stream hydrogr.aph. 
Lower values of S were required to increase the runoff prediction. max 
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The decision was made to revise the values of S only for AGRICU. 
max 
Since 11 of the 13 subbasins were found to be more than 50% agricultural by 
area, runoff predictions were more sensitive to variations in S for 
max 
AGRICU than for the other land uses. Decreases in S for AGRICU were 
max 
also justified because a field investigation revealed that contour plowing 
was not extensively practiced in the watershed, as had been originally 
assumed. Finally, varying the S values for only one land use greatly 
max 
simplified the calibration process. Three revisions were required before 
the STORM runoff predictions matched the observed stream hydrograph runoff 
quantities. 
As discussed in the section of this report on data requirements, the 
three record periods under study would be considered as AMC I under the SCS 
criteria for antecedent rainfa~l. Nonetheless, the AMC used for S. t t 
s ar 
and I was varied during the calibration of STORM. Appendix B shows that 
a 
as the AMC was assumed to increase, the S and I values for each 
start a 
land use decreased. 
As illustrated by runs number 16, 13, and 11 in Table 37 for October 
1976, if the AMC had been I.V or II rather than I, there would have been a 
corresponding increase in the surface runoff quantity prediction from 485 
to 615 or 665 ac-in. It is interesting to note that as the AMC was increased, 
the increase in runoff quantity decreased. This is observed again in runs 
number 1, 4, and 9 in Table 38 for April 1977. Changing the AMC from I to 
II resulted in a 41% increase in the runoff quantity, while a change from 
II to III resulted in no increase. Runs number 11 and 13, 12 and 14, and 
16 and 18 in Table 38 show no increase in runoff quantity when the AMC 
89 
was changed from II to III for April 1977. Unfortunately, AMC III was not 
tested for the October 1976 and July 1977 storms. There is the possibility 
that the lack of increase for the April 1977 record was caused by the 
particular rainfall pattern and quantity. Another possible cause is that 
the S value varies more between AMC I and II than between II and III. 
start 
The change of S t t between AMC II to III may have resulted in an increase 
s ar 
in runoff quantity too small to be reflected in the STORM output. 
Values of S t t and I corresponding to AMC II resulted in the best 
s ar a 
calibration for the April 1977 storms. The SCS criteria for antecendent 
rainfall indicate that the AMC should have been I, as shown in Tables 15 
and 16. The SCS criteria, however, do not account for the moisture which 
may have been frozen in the soil from earlier precipitation. This is one 
explanation for the departure of the Apr~! 1977 calibration from the SCS 
criteria. In any case, the values of S t t and I should only be 
s ar a 
significant for relatively short record periods, since new values of S 
and I are calculated continuously during the simulation. Unfortunately, 
a 
the response o~ STOWvt to changes in AMC for a long-term simulation could 
not be examined i.n this study, since no reliable long-term streamflow 
records were available. The HEC (~7} indicates that changes in AMC will 
have an effect only in the early months of such a record. 
The exponents in the expressions for evapotranspiration and percolation, 
v and p, respectively, were also varied during the calibration of STORM for 
the Monocacy Creek watershed. For each test run, it was possible to use a 
different value of each exponent for each subbasin. However, for these 
calibrations, a single value was used for both v and p for all of the 
subbasins. 
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The change in runoff quantity prediction with change in v and p for 
two different antecendent moisture conditions is shown in Figure 18. For 
the April 1977 runs, with AMC II, the runoff quantity increased as v and p 
were increased, ·as expected. The model reacted similarly for all the 
storms tested for AMG I. V, II, and III. 
For AMC I, however, changes in v and p resulted in no change in the 
surface runoff quantity, as shown by the three July 1977 runs in Figure 
18. There was also no change in quantity for the October 1976 runs with 
AMC I. This can be explained by returning to the earlier description of 
the operation and data requirements for the program. For AMC I, S 
· start 
values were set equal to the S for each land use. Since the new 
max 
values of soil moisture capacity calculated each hour can.be no greater 
than the S value, no increases of S are possible due to evapo-
max start 
transpiration and percolation. during the hours between the start of the 
simulation and the first hour of runoff. At the first hour of runoff, 
then, the S values were equal to S , and it is these values which 
sta.rt max 
were used in the equations for runoff, remaining constant until a dis-
continuity occurred in the hourly rainfall. Thus, changing the values 
of v and p for AMC I had no effect on the STORM runoff quantity predictions 
for rainfall records with continuous precipitation. The October 1976 and 
July 1977 storms both had, in fact, one hour discontinuities in hourly 
rainfall, but these occurred prior to the first hour of runoff in each 
case and thus had no effect on the runoff predictions. 
The insensitivity of the model to changes in v and p for single storms 
under AMC I can simplify the calibration process. In such cases, a 
number of values of S ·and I can first be tested and suitable values 
max a 
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Evapotranspiration and Percolation Exponents, v and p 
Figure 18 
Sensitivity of Surface Runoff to Varied Exponents and AMC-
Modified SCS Technique 
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selected without regard for v and p. Next, different rainfall records with 
significant antecedent rainfall can be simulated for the previously selected 
S and I , with v and p varied until the model runoff quantity prediction 
max a 
is satisfactory. In this way, the effect of variations in the soil moisture 
holding capacity can be isolated from variations in evapotranspiration and 
percolation rates of the soil. For the work reported here, the October 
1976 and the July 1977 storms were used for the selection of values for 
S and I , and April 1977, with AMC II, allowed values of v and p to 
max a 
be chosen. 
For simulations of long rainfall records, the choice of a starting 
AMC should have little effect on runoff predictions after the first few 
storms in the record, while the effects of changing v and p may be very 
important, particularly for relatively closely spaced storms. Selecting 
higher values of v and p decreases the recovery rate of soil moisture 
capacity, thereby increasing the antecedent soil moisture, and thus the 
runoff potential, for each subsequent storm. A series of simulations 
at AMC I for the April 1977 record, with its two closely spaced storms, 
could be run to illustrate the effects of variations in v and p on the 
STORM runoff prediction. for a subsequent storm. 
5.2 Quality Calibration 
Once an acceptable calibration of the runoff quantity portion of STORM 
has been obtained, calibration of the runoff quality portion of the program 
can be attempted. To calibrate the quality portion, pollutant accumulation 
rates and washoff decay coefficients would be adjusted until the quality 
predictions made by STORM approximate the pollutant washoffs observed 
during the period of record. Since no stream quality data were available 
for the Monocacy Creek for the periods considered in this study, no attempt 
to calibrate the quality portion of the program could be made. However, 
pollutant washoff predictions were generated so that the operation of the 
quality portions of STORM could be demonstrated, and relative pollutant 
washoffs compared. 
Pollutant accumulation rates for other watersheds, listed in Table 25, 
were used in this demonstration of STORM. Pollutant washoffs for the 
October 1976, April 1977, and July 1977 storms were generated for the 
following pollutants and pollution indicators: 
Pollutant/Indicator 
Suspended Solids 
Settleable Solids 
Biochemical Oxygen Demand 
Total Nitrogen 
Total Orthophosphate 
Total Coliform Bacteria Count 
STORM Abbreviation 
SUSP 
SETL 
BOD 
N 
P04 
COLI 
Pollutant washoff predictions for the storms used in the calibration 
of the runoff portions of STORM are presented in Tables 41 and 42. The 
predictions generated when the Coefficient Method was used for quantity 
computations were approximately ten times higher than those generated when 
the SCS Technique was used. However, the runoff quantity predictions were 
approximately identical when computed by either method for any of the 
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July 1977 
I 
I 
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I Storm 
·october 1976 
I April 1977-1 
April 1977-2 
I July 1977 
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Tabie 41 
Pollutant Washoff Predictions, Coefficient Method 
Runoff 
Quantity Washoff, 12ounds 
ac-in SUSP SETL BOD N P04 
650 24,000 900 6,300 4,700 370 
545 13,000 620 4,500 3,500 270 
1085 34,000 1,500 8,300 6,200 470 
635 35,000 1,200 7,500 5,400 440 
Table 42 
Pollutant Washoff Predictions, Modified SCS Technique 
Runoff 
Quantity, Washoff, 12ounds 
ac-in SUSP SETL BOD N P04 
485 1,900 90 760 600 40 
260 1,000 60 500 380 30 
1,195 4,300 200 1,500 J,.' 300 90 
620 3,100 130 1,100 830 60 
95 
COLI 
(Billion MPN) 
102,000 
83,000 
124,000 
106,000 
COLI 
(Billion MPN) 
15,000 
10,000 
29,000 
19,000 
storms studied. The method of runoff quantity computation selected can have 
a major impact on the runoff quality predictions. 
This impact can be explained by the different starting dates of the 
simulations, which varied depending on the computation method chosen. 
Referring to Table 2, and recalling the discussion in Section 4.1, the 
simulations for the Coefficient Method started significantly earlier than 
for the SCS Technique. If the pollutant accumulations began at zero at 
the start of the simulation, then far more pollutants would have accumulated, 
and been available for washoff, when the Coefficient Method rather than the 
SCS Technique was used. 
The pollutant washoffs presented here were generated by single 
rainfall events. For long-term simulations, the initial p9llutant 
accumulations would not be so critical. In such cases, one would expect 
the different runoff quantity computation methods to predict more similar 
pollutant washoffs. 
For either of the quantity .computation methods shown in Tables 41 
and 42, the pollutant washoffs for the different storms were approximately 
proportional to the runoff quantity. The runoff quantity is one of the 
factors in the computation of pollutant washoff, as discussed in Section 
3.2.3, and thus of stream quality. 
The effect of runoff intensity of pollutant washoff is exhibited 
in the predictions for October 1976 and July 1977 in Table 41. The 
STORM runoff quantity calibration resulted in a higher runoff quantity 
for the October 1976 storm, yet the July 1977 storm had higher pollutant 
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washoffs. The higher rainfall intensities of July 1977 versus· October 1976, 
shown in Figures 8 and 11, are one explanation, since the runoff intensity 
appears in the exponent of the formula for pollutant washoff in Equation 
3~12. 
Pollutant washoff predictions are presented for the subbasins of the 
Monocacy Creek watershed in Tables 43 and 44 for the July 1977 storm. 
Table 43 includes runoff quantities and washoff predictions for the Co-
efficient Method, while Table 44 shows the same data for the SCS Technique. 
The pollutant washoffs were approximately proportional to the runoff 
quantities for each computation method. 
An obvious example of nonproportionality was SUSP washoff for subbasins 
2 and 7 in Table 43. Runoff quantities were equal for the two subbasins, 
. . 
while the washoff of SUSP was five times greater for subbasin 7 than for 
subbasin 2. In these cases, the differing pollutant accumulation rates 
for different land uses was the cause of the anomaly. Table 4 shows that 
a major land use in subbasin 7 is INDSTL, representing 25% of the area, 
while INDSTL is only 1% of subbasin 2. Alternatively, the WOODED land 
use is 5% of subbasin 7, but 20% of subbasin 2. The SUSP accumulation 
rates were 25 and 0.8 lb/acre/day for the INDSTL and WOODED land uses, 
respectively. The remainders of subbasins 2 and 7 have approximately the 
same land uses. Thus, the large INDSTL area was the source of the higher 
washoff of SUSP for subbasin 7, despite the equal runoff quantity of 
subbasin 2. 
97 
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Table 43 
Runoff Quantity and Pollutant Washoff by Subbasins 
For July 1977 
Coefficient Method 
Runoff, Pollutant \vashoff 2 :eounds COLI 
Subbasin ac-in SUSP SETL BOD N P04 (Billion MPN) 
1 75 6,700 210 1,200 820 67 14,000 
2 95 5,600 220 1,100 870 67 18,000 
3 60 2,400 76 630 490 35 9,600 
4 20 450 18 150 190 6 2,400 
5 ·25 770 29 230 240 11 4,100 
6 25 710 25 210 210 9 3,300 
7 95 12,000 340 2,100 1 ,2.00 120 22,000 
8 20 480 17 150 190 6 2,400 
9 ·70 2,300 83 670 500 40 ' 10,000 
10 35 623 27 220 200 12 3,400 
11 10 260 8 77 110 3 1,200 
12 35 400 25 180 130 12 3,100 
13 70 2,200 130 590 310 45 13,000 
Total 635 35,000 1,200 7,500 5,400 440 106,000 
Pollutant washoff predictions by subbasin for the other storms modeled 
are presented in Appendix D. In all cases, washoffs were greatest for all 
pollutants for subbasin 7 due primarily to its high percentage of INDSTL 
land use. 
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Table 44 
Runoff Quantity and Pollutant Washoff by Subbasins 
Runoff, 
For July 1977 
Modified SCS Technique 
Pollutant Washoff, pounds 
99 
COLI 
Subbasin ac-in SUSP SETL BOD N P04 (Billion MPN) 
1 75 410 18 140 110 7 2,400 
2 130 280 15 120 110 7 2,800 
3 60 360 16 130 110 7 2,300 
4 45 71 3 32 44 1 590 
5 25 54 3 24 27 1 500 
6 70 130 5 51 55 2 920 
7 95 1,400 47 380 230 25 6,000 
8 0 11 1 5 7 0 95 
9 70 340 17 140 110 9 2,400 
10 20 43 3 23 22 1 410 
11 0 6 0 3 4 0 48 
12 0 9 1 6 5 0 130 
13 30 40 4 27 15 2 830 
Total 620 3,100 130 1,100 830 62 19,000 
To calibrate the quality portions of STORM, the washoff decay coefficient 
and pollutant accumulation rates would be varied until the predicted pollutant 
washoffs match. those calculated from strea.m qua,l~ty da,ta.~ If a.ll of the 
washoff predictions for a subbasin were proportionally high or proportionally 
low, then the washoff decay coefficient for the subbasin would be varied 
first. If some of the washoff predictions for a subbasin were higher and 
some lower than the observed values, then the individual pollutant accumulation 
rates would be adjusted as necessary to calibrate the model. 
A word of caution when studying the Dutput of the quality portions of 
STORM: values of pollutant washoff reported in various sections are those 
occurring during periods of overflow, during "events" (as defined for 
STORM), or during the total record. It is necessary to know the period 
under consideration in order to properly interpret the model's predictions. 
In summary, the calibration of the quality portions of STORM should 
follow an acceptable calibration of the quantity portions of the model. 
The pollutant accumulation rates and washoff decay coefficients can then 
be manipulated until the pollutan~ washoff predictions match those calculated 
from the historical stream quality data. The runoff quantity, runoff 
intensity, quantity computation method, land uses, and pollutant accumulation 
rates are the determinants of pollutant washoff from any subbasin of a 
watershed. 
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6. STORM PREDICTIONS FOR FUTURE LAND USE PATTERNS 
After the quantity portions of the STORM program had been calibrated 
for the Monocacy Creek watershed, input data reflecting future land use 
II patterns was developed. With these input data, STORM was used to predict 
I 
I 
. I 
stormwater runoff quantity and quality for various stages of urbanization 
of the watershed. These predictions, if compared with runoff volume and 
water quality goals for the watershed, could aid in the selection of 
acceptable development patterns • 
The development of land use data for three patterns of future development, 
·II and the resulting quantity and quality predictions, are discussed below. 
Jl 6.1 Input Data Reflecting Urbanization 
I 
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I 
Land use data presented in section 4.2.1 show that the.Monocacy Creek 
watershed is primarily agricultural. However, the population of the region 
is growing, and conversion of farmland into residential, commercial, and 
industrial uses is accompanying that growth. In fact, the JPC (lOa) has 
predicted from development and population trends that the watershed could be 
totally urbanized in as little as 100 years. 
Watershed characteristics which must be quantified as input data to 
STORM are listed in section 4.2 of this report. Of those characteristics, 
the following were adjusted when STORM was used to predict changes in runoff 
caused by urbanization of the watershed: 
102 
1. land uses 
2. runoff coefficients for impervious land 
3. maximum depression storages 
The changes made to these input data are discussed below. All other 
input data were maintained at the values determined while calibrating STORM. 
6 .1.1 Land Uses 
The JPC (9,10) has projected potential future land uses in the Monocacy 
Creek watershed for three patterns of development, hereinafter called 
2000-Zoning, Ultimate, and 2000-JPC. Land uses for these three development 
stages were selected as input data when STORM was used to predict changes in 
runoff due to urbanization of the watershed. 
The 2000.,...Zoning land uses are those which might be expected in the 
year 2000 assuming that current zoning regulations and development trends 
remain essentially unchanged. The population of the region was assumed to 
grow by 30% between 1970 and 2000. Only 48% of the population in 2000 would 
live in dense urban areas, as opposed to 65% in 1970. 
The Ultimate land uses are those which might be expected if the watershed 
were developed to the maximum extent allowed by current zoning ordinances (13). 
No agricultural land would remain within the watershed. 
The 2000-JPC land uses are those which might be expected in the year 
2000 assuming that zoning recommendations made by the JPC were implemented. 
The 2000-JPC land uses allow the same population growth for the region as 
the 2000-Zoning development. The JPC recommendations include: 
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1. encouraging development in a compact pattern, contiguous 
to existing urban development and utilities; 
103 
2. preserving, where possible, natural resources such as farmlands, 
woodlands, scenic areas, mineral resource areas, and high water 
quality areas; 
3. allowing higher densities than generally permitted for residential 
uses in areas where urban development is recommended; 
4. protection of environmental hazard areas (e.g., those prone to 
flooding and those with slopes of 15% or greater) from 
development; 
5. restrictions on commercial, industrial, and high density 
residential uses in areas not recommended for such development. 
In section 4.2.1 of this report, land uses observed in 1973 in each of 
the thirteen subbasins within the Monocacy Creek watershed are discussed. 
The projected land uses for the three stages of future development are 
presented for each of the thirteen subbasins in Tables 45 through 57. 
Included for ready comparison are the 1973 land uses from Table 4. The per-
centage of area for each subbasin in each land use was estimated from maps 
showing projected land uses prepared by the JPC (10). The land use categories 
and abbreviations are the same as those used earlier in this report. 
The Ultimate land uses include no AGRICU land on any subbasin. 
Subbasin 11 is zoned almost exclusively for INDSTL development, while sub-
basins 5 and 7 also would experience considerable INDSTL growth. The 
remaining subbasins are zoned primarily for 10 and MD RES development. 
104 I Table 45 
Land Uses in Subbasin 1 I 
Percentage of Subbasin Area 
Development Stage I 
Land Use 1973 2000-JPC 2000-Zoning Ultimate I 
WOODED 15 15 12 10 I OPEN 3 3 5 5 
AGRICU 65 65 39 0 I LO RES 1 1 20 58 
MD RES 7 7 14 17 I, HI RES 1 1 1 1 
COMMCL 0 0 1 1 
INDSTL 8 8 8 8 I 
' .. 
I 
I 
Table 46 
Land Uses in Subbasin 2 I 
Percentage of Subbasin Area I 
Development Stage 
I 
Land Use 1973 2000-JPC 2000-Zoning Ultimate 
WOODED 20 17 15 12 I 
OPEN 3 3 5 5 
AGRICU 63 55 36 0 I 
LO RES 1 10 25 58 
MD RES 6 6 10 12 I HI RES 5 5 6 6 
COMMCL 1 1 1 1 I INDSTL 1 3 2 6 
I 
.I 
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I Table 47 Land Uses in Subbasin 3 
I Percentage of Subbasin Area 
I Development Stage 
Land Use 1973 2000-JPC 2000-Zoning Ultimate 
I WOODED 5 5 4 4 
I 
OPEN 1 1 1 1 
AGRICU 80 80 38 0 
LO RES 1 1 20 42 
I MD RES 2 2 15 23 
HI RES 0 0 3 3 
I COMMCL 1 1 2 2 INDSTL 10 10 17 25 
I 
I 
' .. 
I 
Table 48 
I Land Uses in Subbasin 4 
Percentage of Subbasin Area 
I Development Stage 
I Land Use . 1973 2000-JPC 2000-Zoning Ultimate 
I WOODED 10 10 15 15 OPEN 5 5 18 23 
I AGRICU 77 77 37 0 LO RES 2 2 12 28 
I MD RES 6 6 18 32 HI RES 0 0 0 1 
COMMCL 0 0 0 1 
I INDSTL 0 0 0 0 
I 
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Table 49 
Land Uses in Subbasin 5 I 
Percentage of Subbasin Area 
I 
Development Stage 
Land Use 1973 2000-JPC 2000-Zon±ng Ultimate I 
WOODED 8 8 6 3 I. 
OPEN 6 6 4 2 
AGRICU 77 71 50 0 I LO RES 1 3 8 18 
MD RES 5 8 25 45 I HI RES 1 1 2 2 
COMMCL 0 0 0 0 I INDSTL 2 3 5 30 
I 
I 
Table 50 I 
Land Uses in Subbasin 6 I Percentage of Subbasin Area 
Development Stage I 
Land Use 1973 2000-JPC 2000-Zoning Ultimate I 
WOODED 15 15 14 4 
I OPEN 7 7 6 3 
AGRICU 70 70 63 0 
LO RES 2 2 5 68 I 
MD RES 4 4 10 20 
HI RES 0 0 0 0 I COMMCL 0 0 0 0 
INDSTL 2 2 2 5 I 
I 
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I Table 51 Land Uses in Subbasin 7 
I Percentage of Subbasin Area 
I Development Stage 
Land Use 1973 2000-JPC 2000-Zoning Ultimate 
,I WOODED 5 5 4 3 
OPEN 4 4 3 2 
I AGRICU 56 56 30 0 
LO RES 1 1 1 1 
I MD RES 7 7 30 52 
HI RES 0 0 0 0 
I COMMCL 2 2 2 2 INDSTL 25 25 30 40 
I 
,I 
I Table 52 
I Land Uses in Subbasin 8 
I Percentage of Subbasin Area 
I Development Stage 
I Land Use 1973 2000-JPC 2000-Zoning Ultimate WOODED 4 4 4 0 
I OPEN 1 1 1 0 AGRICU 89 89 66 0 
I LO RES 1 1 
1 1 
MD RES 4 4 15 73 
HI RES 0 0 6 13 
I COMMCL 1 1 3 3 
INDSTL 0 0 4 10 
I 
108 I 
Table 53 
Land Uses in Subbasin 9 I 
Percentage of Subbasin Area I 
Development Stage 
I 
Land Use 1973 2000-JPC 2000-Zoning Ultimate 
WOODED 5 4 4 3 I 
OPEN 3 2 3 2 
AGRICU 70 65 54 0 I 
LO RES 1 4 4 15 
MD RES 12 14 20 48 I HI RES 0 0 4 15 
COMMCL 3 4 5 6 I INDSTL 6 7 6 11 
I 
I 
Table 54 I 
Land Uses in Subbasin 10 
Percentage of Subbasin Area I 
Development Stage I 
.Land Use 1973 2000-JPC 2000-Zoning Ultimate I WOODED 3 2 2 2 
OPEN 3 2 2 2 I AGRICU 75 61 61 0 
LO RES 1 1 1 3 
I MD RES 15 25 25 77 
HI RES 0 1 1 2 
COMMCL 3 5 5 6 I 
INDSTL 0 3 3 8 
I 
I 
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I Table 55 Land Uses in Subbasin 11 
I Percentage of Subbasin Area 
I Development Stage 
I Land Use 1973 2000-JPC 2000-Zoning Ultimate WOODED 4 4 4 2 
I 
OPEN 0 0 0 0 
AGRICU 95 84 83 0 
LO RES 0 2 0 4 
I MD RES 0 2 2 4 
HI RES 0 2 0 2 
' 
COMMCL 1 2 1 3 
INDSTL 0 4 10 85 
I 
I 
I Table 56 
Land Uses in Subbasin 12 
a. Percentage of Subbasin Area 
I Development Stage 
I Land Use 1973 2000-JPC 2000-Zoning Ultimate 
WOODED 12 10 10 1 
I OPEN 12 10 10 1 AGRICU 42 33 33 0 
I LO RES 10 15 15 30 MD RES 23 30 30 66 
I HI RES 0 0 0 0 COMMCL 1 2 2 2 
INDSTL 0 0 0 0 
I 
I 
Land Use 
WOODED 
OPEN 
AGRICU 
LO RES 
MD RES 
HI RES 
COMMCL 
INDSTL 
1973 
7 
27 
28 
8 
20 
8 
2 
0 
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Table 57 
Land Uses in Subbasin 13 
Percentage of Subbasin Area 
Development Stage 
2000-JPC 2000-Zoning Ultimate 
6 6 5 
25 25 23 
15 15 0 
8 8 10 
31 31 45 
13 13 15 
2 2 2 
0 0 0 
WOODED and OPEN land would decrease in most of the subbasins. Subbas·in 4, 
however, has been zoned for a notable growth in WOODED and OPEN land uses 
to protect the steep slopes along Monocacy Creek. 
The 2000-Zoning land uses illustrate that development is expected to 
advance rapidly in subbasins 1, 2, 3, 5, and 7 by the year 2000. AGRICU 
land would be reduced to 50% or less, and LO and MD RES uses increased 
commensurately, in these subbasins. Subbasins 12 and 13, already more 
urbanized than the rest, would experience relatively less development. 
Subbasin 4 would see nearly as much land converted from AGRICU to WOODED 
and OPEN as from AGRICU to LO and MD RES uses. Subbasin 6 would undergo 
very little development. Subbasin 11 would experience the most rapid 
growth in INDSTL use, while subbasin 7 would remain the most industrialized. 
There would be moderate conversion of AGRICU land to LO, MD, and HI RES 
uses in subbasins 8, 9, and 10. 
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The 2000-JPC land uses reflect the JPC recommendations. Urbanization 
of subbasins 1, 3, 4, 6, 7, and 8 is not presently recommended, and the 
2000-JPC land uses would be equal to the 1973 land uses for these 
subbasins. Except for subbasin 6, there are major differences in land 
uses in these subbasins between the 2000-JPC and 2000-Zoning development 
stages. Conversion of AGRICU land to other uses in subbasins 2, 5, and 9 
is recommended to be considerably less for 2000-JPC than that which would 
occur under 2000-Zoning. The JPC feels that the current zoning ordinances 
and development trends in subbasins 10, 12, and 13 are appropriate: land 
uses for these subbasins are identical for 2000-JPC and 2000-Zoning. 
For subbasin 11, the JPC recommends slightly more 10 and HI RES development 
and less INDST1 gr?wth than would occur under 2000-Zoning. Slightly 
more land in subbasins 2 and 5 is recommended foe INDST1 development 
under 2000-JPC than under 2000-Zoning. 
A convenient indication of the extent of urbanization at various stages 
of development is the subbasin impervious area, presented in Table 58. This 
statistic, calculated by STORM, combines the area dedicated to each land 
use in the subbasin with the assumed imperviousness for the land use. 
(Values of imperviousness assumed for the Monocacy Creek watershed were 
previously presented in Table 6.) Subbasin 7, with its large INDST1 
fraction, would have the mast impervious area for the 19 7 3 , 2000-JPC, 
and 2000-Zoning stages of development. Subbasin 11, zoned for INDST1 
use, would advance from least urbanized in 1973 to most urbanized under 
Ultimate development. Subbasin 4, with large areas of WOODED and OPEN 
land, would have the least impervious area for all except the 1973 
stage of development. Subbasins zoned largely for 10 RES, WOODED, and 
112 1 
Table 58 
Computed Subbasin Impervious Area, % 
Development Stage 
Subbasin 1973 2000-JPC . 2 000-Zoning Ultimate 
1 9.3 9.3 15.7 23.8 
2 6.9 10.0 13.8 23.4 
3 9.5 9.5 23.9 36.0 
4 3.2 3.2 8.7 17.1 
5 4.6 6.5 14.2 39.2 
6 4.0 4.0 6.3 23.2 
7 22.1 22.1 32.2 45.5 
8 3.2 3.2 13.6 38.0 
9 11.2 13.8 17.6 37.5 
10 7.9 15.0 15.0 35.2 
11 2.7 8.1 10.1 64.9 
12 11.0 14.7 14.7 27.4 
13 14.6 19.9 19.9 25.1 
OPEN uses (1,2, 4, and 6) would have the least impervious area for 
Ultimate development. The impervious areas in subbasins 3, 7, and 8, 
among those where the JPC recommends halting urbanization, would be 
significantly less for 2000-JPC than for 2000-Zoning development. 
6.1.2 Input Data for Coefficient Method 
Runoff coefficients for impervious land, C., used in the Coefficient 
~ 
Method in STORM, were varied to reflect potential changes in storm sewerage. 
The values chosen for each stage of development are presented in Table 59. 
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Table 59 
Rnnoff Coefficients - Impervious Land 
Development Stage 
Subbasin 1973 2000-JPC 2000-Zoning Ultimate 
1 .30 .30 .30 .90 
2 • 30 .30 • 30 .90 
3 .10 .10 .30 .90 
4 .10 .10 . 30 .90 
5 .10 .10 • 30 .90 
6 .10 .10 .30 .90 
7 .30 .30 .30 .90 
8 .10 .10 .30 .90 
9 .10 .30 .30 .90 
10 .10 .30 . 30 .90 
11 .10 .30 .30 .90 
12' .10 .30 .30 .90 
13 .30 .30 .30 . 90 
The selection of Ci for 1973 land uses, where no storm sewers exist, 
is explained in section 4.2.2. For 2000-JPC land uses, C. was held at 0.10 
~ 
in subbasins 3, 4, 5, 6, and 8, all recommended for little or no development. 
An increase to 0.30 in subbasins 9, 10, 11, and 12 would acconnt for the 
construction of some storm sewers and natural drainage swales, as well as 
new impervious areas adjacent to the creek. 
For the 2000-Zoning stage of development, Ci was set at 0.30 for all 
subbasins. This value was selected to reflect the increases in rnnoff 
that would occur should some storm sewers be built in all subbasins. 
Storm sewers would collect rnnoff from impervious land and discharge it to 
the creek. Without storm sewers, rnnoff from impervious land has a better 
chance of infiltrating on adjacent pervious lands. 
For the Ultimate development stage, it can be assumed that storm 
sewerage would be constructed throughout the watershed. The extensive 
storm sewer system would carry runoff directly from impervious areas to 
the creek. A value of Ci equal to 0.90, the default value for STORM, was 
selected to reflect this assumption. 
The runoff coefficient for pervious areas, C , was maintained as 0.01 p 
fo.r all subbasins at all four stages of development. 
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The composite runoff coefficients, C, for each subbasin at each stage of 
development are listed in Table 60. C, defined by Equation 3-2, represents 
the fraction of rainfall over each subbasin that is computed to become runoff. 
·c generally increases as a subbasin is developed. Thus, for equal rainfall 
over the watershed, subbasin 11 will have the least runoff pe.r unit area 
'Table 60 
Composite Runoff Coefficients 
Development Stage 
Subbasin 1973 2000-JPC 2000-Zoning Ultimate 
1 .037 
.037 
.056 .222 
2 .030 .039 .050 
.218 
3 .019 
.019 .079 
.330 
4 .013 .013 
.035 
.162 
5 .014 
.016 .051 
. 359 
6 .014 .014 .028 
.216 
7 .074 
.074 .103 
.415 
8 .013 .013 .050 
. 348 
9 .020 
.050 .061 
.343 
10 .017 .053 .053 
. 323 
11 .012 
.034 .039 
.588 
12 .020 .053· 
.053 .254 
13 .052 .068 .068 .233 
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for the 1973 land us.es and the most runoff per unit area for the Ultimate 
land uses. 
The maximum depression storage, D , defined in Equation 3-3, is also 
max 
used in the computation of runoff quantity by the Coefficient Method. D 
max 
for a subbasin will generally decrease as the subbasin is urbanized, 
although it could remain constant or even increase depending on the 
stormwater retention methods used. For this demonstration of STORM, 
D was given a value of 0.60 in. for all subbasins at all stages of 
max 
development, except for subbasins 5, 7, and 11 under Ultimate development. 
For thes~ three subbasins, which had INDSTL land use greater than 30%, 
D was set at 0.40 in. 
max 
6.1.3 Input Data for SCS Technique 
Valfies of input data required for the SCS Technique were developed 
and calibrated for 1973 watershed conditions using historical streamflow 
records, and did not need to be revised when STORM was used to predict 
runoff from the watershed for future stages of development. These input 
data were previously presented in Tables 14, 17, and 21. The higher runoff 
potentials of the more urbanized land uses within each subbasin are reflected 
in generally lower soil moisture capacities, initial abstractions, and 
infiltration and percolation rates. The functions in STORM by which runoff 
quantities are computed predict larger runoff quantities from land uses with 
higher runoff potentials. 
No direct adjustments can be made in the SCS Technique to account for 
the construction of storm sewers in a subbasin. The SCS (22) does suggest, 
though, that the compaction of soil by heavy equipment and the mixing of 
surface and-subsurface soils that can accompany urbanization may cause 
A and B group soils to behave as B and C group soils, respectively. 
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These factors were not used to adjust the input data for the work reported 
here and the results are thus conservative. 
6.2 Runoff Quantity Predictions 
rhe data developed to reflect potential future watershed development 
patterns were used as input to STORM for each of the rainfall periods 
considered during the calibration of the model. The runoff from the 
watershed at the various stages of development due to equal rainstorms 
could thus be directly compared. 
Presented in Table 61 are the quantity predictions generated by STORM 
for the July 1977 storm. Included for comparison are the runoff quantities 
. 
determined as a result qf the calibration of the model for 1973 land 
uses. The STORM predictions show that increased runoff quantitites can be 
expected as the urbanization of the watershed progresses, and runoff for the. 
2000-JPC land uses would be less than that for the 2000-Zoning land uses. 
Table 61 
Runoff Quantity Predictions for July 1977 
scs Technig,ue Coefficient Method 
Development Runoff, Runoff/Rainfall Runoff, Runoff/Rainfall 
Stage ac-in Ratio, % ac-in Ratio, % 
1973 620 1.4 635 1.4 
2000-Zoning 855 1.9 1530 3.5 
2000-JPC 705 1.6 960 2.2 
Ultimate 1360 3.1 8460 19.1 
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There are considerable differences between the runoff quantities in 
Table 61 computed by the SCS Technique and the Coefficient Method. At 
each of the future stages of development, the Coefficient Method predicted 
higher runoff quantities, particularly for Ultimate development. This was 
a result of the attempt to account for the construction of storm sewers 
by increasing Ci for the Coefficient Method. No similar adjustment could 
be made for the SCS Technique. 
Runoff quantity predictions for the other rainstorms modeled are 
presented in Table 62. Changes in runoff quantity relative to those in 
Jl. urbanization are similar to those predicted for the July 1977 storm. Also 
similar are the differences between runoff quantities computed by the SCS 
Technique and the Coefficient Method. 
I 
I 
I Table 62 
I Runoff Quantity Predictions, ac-in 
I Development October 1976 April 1977-1 Aoril 1977-2 
I 
Stage 
1973 
scs Coefficient scs Coefficient scs Coefficient 
485 650 260 545 1195 1085 
I. 2000-Zoning 2000-JPC 655 1600 455 1240 1390 2660 560 1000 390 780 1245 1665 
Ultimate 
I 
1100 8930 860 6700 2045 14,090 
I 
I 
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Quantity predictions by subbasin, in inches over the subbasin, are 
presented in Tables 63 and 64 for the Coefficient Method and SCS Technique, 
respectively. For the Coefficient Method, the inches of runoff from each 
subbasin rank in the same order as the values of composite runoff coefficient 
in Table 60. The composite runoff coefficient increases as the urbanization 
of a subbasin increases. So the Coefficient Method in STORM predicted that 
the most urbanized subbasins at each stage of development would have the 
highest runoff. 
Subbasin 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Table 63 
Runoff Quantity Predictions by Subbasin 
for July 197·7, Coefficient Method, inches 
Development Stage 
1973 2000-Zoning 2000-JPC 
.04 .06 .04 
.03 .05 .04 
.02 ·.08 .02 
.01 .03 .01 
.01 • 05 .02 
.01 .03 .01 
.07 .10 .07 
.01 .05 .01 
.02 .06 .05 
.02 .05 .05 
.01 .04 .03 
.02 .05 .05 
.05 .07 .07 
Ultimate 
.22 
.22 
.33 
.16 
.43 
.21 
.49 
• 35 
.34 
. 32 
• 70 
.25 
.23 
I 
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Subbasin 
1 
2 
3 
4 
5 
6 
7 
8· 
9 
10 
11 
12 
13 
Table 64 
Runoff Quantity Predictions by Subbasin 
for July 1977, Modified SCS Technique, inches 
Development Stage 
1973 2000-Zoning 2000-JPC 
.04 .04 .04 
.04 .04 .04 
.02 .04 .02 
.02 .01 .02 
.01 .02 .01 
.03 .03 .03 
0 07· .08 .07 
0 .03 0 
.02 .04 .03 
.01 .03 .03 
0 .02 .01 
0 .01 .01 
.02 .02 .02 
Ultimate 
.03 
.04 
.06 
.01 
.08 
.02 
.11 
.04 
.06 
.04 
.18 
.01 
.02 
It is interesting to note in Table 64 that computations by the SCS 
Technique predicted a decrease in runoff with development for subbasins 1, 
4, and 6. Furthermore, little or no increase in runoff was predicted for 
subbasins 2, 12, and 13. In these six subbasins, conversion of AGRICU land 
to LO and MD RES uses, with little or no INDSTL and COMMCL development, 
is projected to occur. But LO and MD RES lands were assumed to have equal 
or better moisture holding capabilities than AGRICU land in the Monocacy 
Creek watershed (Tables 14 and 17, section 4.2.3). Thus, it is possible 
for development to result in a decrease in surface runoff from a subbasin. 
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Presented in Tables 65 and 66 are the runoff volumes from each subbasin 
for July 1977 computed by the Coefficient Method and the SCS Technique, 
respectively. These volumes are the product of the area of the subbasin in 
acres and the runoff per unit area in inches, and illustrate the contribution 
of each subbasin to the total watershed runoff quantity. The area of each 
subbasin was presented in Table 3. Subbasin 9, because of its much larger 
area, would contribute more to the total watershed runoff for Ultimate 
development than subbasin 11, which has much higher runoff per unit area in 
Tables 63 and 64. 
Subbasin 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Total 
Table 65 
Runoff Quantity Predictions by Subbasin 
for July 1977, Coefficient Method, ac-in 
Development Stage 
1973 2000-Zoning 2000-JPC 
75 110 70 
95 160 120 
60 230 55 
20 75 30 
25 120 40 
25 65 30 
95 140 95 
20 90 25 
70 210 170 
35 100 100 
10 40 35 
35 95 95 
70 95 95 
635 1530 960 
Ultimate 
420 
690 
980 
350 
1030 
470 
650 
640 
1160 
590 
700 
450 
330 
8460 
I 
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I 
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I. 
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Subbasin 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Total 
Table 66 
Runoff Quantity Predictions by Subbasin 
for July 1977, MOdified SCS Technique, ac-in 
Development Stage 
1973 2000-Zoning 2ooo..:JPC 
75 85 75 
130 110 130 
60 130 60 
45 30 45 
25 45 20 
70 60 70 
95 110 95 
0 45 0 
70 120 100 
20 50 50 
0 25 15 
0 15 15 
30 30 30 
620 855 705 
121 
Ultimate 
55 
130 
180 
20 
190 
45 
150 
75 
210 
75 
180 
20 
30 
1360 
Runoff predictions by subbasin and stage of development for the October 
1976 and April 1977 storms may be found in Appendix E. 
It is not possible to judge which computational method is best for 
predicting future runoff quantities from the Monocacy Creek watershed. But 
the preceding discussion does illustrate the strengths of both methods: the 
Coefficient Method provides a means of accounting for differences in impervious 
area and storm sewers, while the Modified SCS Technqiue models the interactions 
between soil and moisture on different types of pervious land uses. 
122 
6.3 Runoff Quality Predictions 
Runoff quality predictions were generated by STORM along with quantity 
predictions for each stage of development of the watershed. The pollutant 
accumulation rates presented in Table 25 were used as input values for all 
four stages of development. The rates are generally higher for the more 
urban land use categories. 
Presented in Tables 67 and 68 are the pollutant washoffs predicted by 
the Coefficient Method and the Modified SCS Technique, respectively, for 
the July 1977 rainstorm. Since the driving force behnind pollutant washoff 
is the quantity of runoff, the washoffs, like the runoff volumes, are 
predicted to increase as the urbanization of the watershed increases. The 
increases in pollutant washoffs are proportionately higher than the increases 
in runoff volumes, however, due to the higher pollutant accumulation rates 
for the more urban land uses. STORM predicted that pollutant washoffs, and 
thus stream pollution, would be significantly lower at the 2000-JPC than for 
2000-Zoning stage of development. 
________ ,.,' 
Table 67 
Pollutant Washoff Predictions, Coefficient Method, July 1977 
Development Runoff, Washoff 3 oounds COLI 
I 
I 
I 
I 
I 
I 
.I 
I 
1.-. 
I 
I 
I 
I 
I 
Stage ac-in SUSP SETL BOD N P04 (billion MPN) I 
1973 635 35,000 1,200 7.,500 5,400 440 106,000 
.I 
2000-Zoning 1,530 93,000 3,500 19,000 11,000 1,200 
2000-JPC 960 58,000 2,100 12,000 7,900 720 
250,000 
160,000 I' 
Ultimate 8·,,460 920,000 61,000 120,000 60,000 7,300 830,000 I 
I 
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I Table 68 
I Pollutant Washoff Predictions, Modified SCS Technique, July 1977 
I 
1 Development Runoff, Washoff 2 EOunds COLI _Stage ac-in SUSP SETL BOD N P04 (billion MPN) 
11973 620 3,100 130 l,J-00 830 62 19,000 
855 5,300 240 2000-Zoning 1,900 1,200 140 36;000 
12000-JPC 705 3,500 160 1,300 940 77 23,000 
I 
I 
I 
I 
I 
I 
I. 
I 
'-'" 
I 
Ultimate 1,360 25,000 940 6,700 3,200 480 110,000 
Changes in pollutant washoffs can be explained by changes in land uses 
and differing pollutant accumulation rates. For example, the· washoffs of 
suspended solids from subbasins 1 and 11 'are shown in Tables 69 and 70, 
respectively. Subbasin 1 is projected to change with development from 
primarily AGRICU to largely LO RES land, with !NDSTL use remaining constant. 
The SUSP washoff per unit volume of runoff was predicted to remain essentially 
constant despite the increase in SUSP washoff and runoff. Subbasin 11, on 
the other hand, is projected to be almost entirely INDSTL land at the 
Ultimate state of development, while LO RES use would remain nearly constant. 
For this subbasin, the SUSP washoff per unit volume of runoff increased along 
with the runoff and washoff. The washoff per volume from subbasin 1 
remained nearly constant despite the higher runoff volume because the SUSP 
accumlation rate was assumed to be lower for LO RES than AGRICU land (0.120 
II versus 1.000 lb/acre/day, respectively from Table 25). The assumed SUSP 
accumulation rate for INDSTL land, on the other hand, was 25.00 lb/acre/day, 
I. 
I 
so more suspended solids were available for washoff from subbasin 11 than 
from subbasin 1. 
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Table 69 I 
I 
SUSP Washoff for Subbasin 1, Coefficient Method, July 1977 
I 
Development Runoff, 
Percentage of 
SUSP, SUSP, Subbasin in Land Use 
Stage ac-in Eounds lb/ac-in AGRICU LO RES INDSTL I 
1973 75 ~,700 89 65 1 8 
2000-Zoning 110 6,800 62 39 20 8 I 
2000-JPC 70 6,700 96 65 1 8 
Ultimate 420 32,000 76 0 58 8 
I 
I 
I 
Table 70 I 
I 
SUSP Washoff for Subbasin 11, Coefficient Method, July 1977 
I 
Percentage of 
Development Runoff, SUSP, SUSP, Subbasin in Land use 
Stage ac-in Eounds lb/ac-in AGRICU LO RES INDSTL I 
1973 10 260 26 95 0 0 
2000-Zoning 40 4,300 110 83 0 10 I 
2000-JPC 35 2,800 80 84 2 4 I 
Ultimate 700 170,000 240 0 4 85 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Pollutant washoff prediction.s by subbasin for each stage of development, 
rainstorm, and computation method are contained in Appendix F. The relative 
changes in runoff quantity and quality for the April 1977 and October 1976 
storms are similar to those presented here. Because the runoff quality 
portions of STORM were not calibrated, further discussion of these data is 
not presently warranted. 
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7. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The Storage, Treatment, Overflow, Runoff Model (STORM), a computer 
program developed by the U.S. Am~ Corps of Engineers, models the hydro-
logical relationships which ·result in runoff, and provides engineers and 
planners with a means of evaluating nonpoint source pollution control 
alternatives. STORM was calibrated for the Monocacy Creek watershed 
using several short rainfall records, and was then used to predict the 
changes in runoff quantity and quality which would result from development 
of the watershed. 
STORM is a continuous simulation with computations performed hourly. 
There are two methods in STORM by which runoff quantities may be computed: 
the Coefficient Method or the Modified SCS Technique. Both·methods were 
used in the work reported here. 
The simulation begins at different points in the rainfall record for 
126 
each of the computation methods. For the Coefficient Method, the simulation 
begins at the last hour of the last major precipitation event preceding the 
input rainfall record. For the Modified SCS Technique, however, the 
simulation begins at midnight of the first day in the input rainfall record. 
This difference is important to consider when calibrating STORM for short 
rainfall records. 
In addition to selecting a runoff quantity computation method in STORM, 
one of two methods for specifying pollutant accumulation rates must be 
II selected. The pollutants and pollutant indicators modeled are suspended 
I 
I 
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solids, settleable solids, biochemical oxygen demand, total nitrogen, total 
orthophosphate, and coliform bacteria. In the dust and dirt method, applicable 
to highly urbanized watersheds, pollutant accumulations are specified as 
fractions of the total dust and dirt accumulation per length of street 
gutter per day for each land use. In the daily pollutant accumulation 
method, used in the work reported here, accumulations are specified as 
pounds per acre per day for each land use. The calculation of pollutant 
washoff is the same for both accumulation methods. The hourly washoff rate 
of each pollutant from each land use is computed as a function of the 
available pollutants and the runoff rate for that hour. 
Four catagories of data, rainfall, watershed characteristics, streamflow, 
and pollutant accumulation, were developed for the calibration of STORM for 
the Monocacy Creek watershed. Hourly rainfall data from the Allentown-
Bethlehem-Easton Airport were used as input to STORM. Four short rainfall 
records with a variety of rainfall patterns, including storms from before, 
during and after the growing season, were selected. 
Watershed characteristics such as subbasin areas, land uses, and 
monthly evaporation rates are required for both the Coefficient Method and 
the SCS Technique in STORM. Fourteen subbasins within the watershed were 
identified on topographic maps. Areas dedicated to eight different 
categories of land use within thirteen of the subbasins were estimated 
from land use maps prepared in 1973 by the Joint Planning Commission -
Lehigh-Northampton Counties (JPC). The eight land use categories identified 
were woods, open land, agriculture, low, medium, and high density residential, 
commerical, and industrial (including,quarries). All but three of the 
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subbasins had at least 60% of the land area in agricultural use. 
Streamflow data for the Monocacy Creek for the years 1973 to 1977 were 
obtained f_rom the U.S. Geological· Survey in order to calibrate the runoff 
quantity computations in STORM. The poor quality of the streamflow record 
severely limited the selection of test periods for STORM. The stream hydro-
graphs for three of the rainstorms selected were revised based on that of 
the fourth. Surface runoff volwnes resulting from each rainstorm were 
computed from the revised hydrographs. 
Daily pollutant accumulation rates, in the absence of stream quality 
data for the Monocacy Creek, were based on limited data for other watersheds. 
The urban land uses had generally higher accumulatiqn rates than the rural 
land uses. 
The runoff quantity computations in STORM were calibrated for the 
Monocacy Creek watershed. In calibration, certain watershed data were 
varied until the runoff quantity output from STORM matched the runoff 
quantities computed from the historical streamflow data~ Sensitivity of 
the model to changes in several input variables was demonstrated. The 
model was calibrated using both the Coefficient Method and Modified SCS 
Technique for four rainstorms. 
Once calibrated, three of the predictions by the Coefficient Method 
and two by the Modified SCS Technique were within 6% of the runoff volumes 
computed from streamflow data. 
The calibration reported here is for four rainstorms, none of which 
occurred during the winter months. Additional adjustments to input data 
would probably be required in order to calibrate STORM for a long term 
rainfall record. 
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Input data varied during calibration of the Coefficient Method were 
runoff coefficients, maximum depression storage, and date of the last prior 
rainfall. Earlier dates for the last prior rainfall resulted in lower 
runoff quantities at some evaporation rates because more of the maximum 
depression storage was available at the first hour of rainfall. Calibrated 
values of the runoff coefficients were much smaller than the default values 
in STORM. 
The Modified SCS Technique was more difficult to calibrate than the 
Coefficient Method because of its more complex input data. Input data 
values that were varied during calibration for all land uses were starting 
soil moisture capacities, starting initial abstractions, exponents in evapo-
transpiration and percolation functions. Also varied were maximum ·soil 
moisture capacities and initia1 abstractions for agricultural land. 
Increased values for starting soil moisture capacities and initial 
abstractions, representing wetter AMC, resulted in larger runoff quantity 
predictions by STORM. Changes from AMC I to II resulted in larger increases 
in runoff than changes from AMC II to III. Calibrated values corresponded 
to the SCS criteria for AMC except for the first April 1977 rainstorm, 
when heavy rain during the previous month followed by a late freeze probably 
resulted in a higher AMC than would normally be expected. 
Varying the exponents in evapotranspiration and percolation functions 
had no effect on runoff quantity predictions for rainstorms with AMC I. 
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I For other AMC conditions, larger values of the exponents resulted in greater 
I runoff quantities. Thus, calibrated values of the exponents were selected 
using a rainfall with AMC II, following calibration of maximum soil moisture 
II capacities and initial abstractions using a rainfall with AMC I. 
II Maximum soil moisture capacities and initial abstractions were varied 
I 
I 
I 
I 
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I 
only for agricultural lands in the Monocacy Creek watershed. Agricultural 
practices such as straight row rather than contour plowing would result in 
lower soil moisture capacities. 
The runoff quality computations in STORM could not be calibrated for 
the"M?nocacy Creek watershed because stream quality data were not available. 
However, pollutant washoff predictions were generated by STORM for the four 
rainstorms used in the calibration of the runoff quantity computations. 
Pollutant accumulation rates from other watersheds were used as input data. 
Pollutant washoffs were ten times higher when runoff quantity computations 
were by the Coefficient Method than by the Modified SCS Technique. This 
difference can be attributed to differences in initialization between the 
methods and would not be expected in a long-term simulation. As expected, 
pollutant washoffs were found to be generally larger for higher runoff 
intensities, larger runoff quantities, and more urban land uses. 
After the rtinoff quantity computation portions of STORM were calibrated, 
input data for three potential future land use patterns in the Monocacy 
Creek watershed were developed. These land use patterns reflected the 
urbanization and development trends that are occurring in the watershed. 
With this input data, STORM was used to generate predictions of stormwater 
runoff quantity and quality for each stage of development. 
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Runoff coefficients for impervious land and maximum depression storages, 
which are input data for the Coefficient Method in STORM, were varied for 
the three projected stages of urbanization. The runoff ·'coefficients were 
increased to reflect the increased quantity of runoff that might be expected 
if storm sewers were constructed in the watershed. 
The runoff quantities predicted by STORM were larger as the projected 
urbanization of the watershed advanced. The quantities predicted for the 
2000-JPC stage of development were less than those for the 2000-Zoning 
stage. The most urbanized subbasins at each stage of development had 
the highest runoff. 
Runoff quantity predictions for the future stages of development 
computed by the Coefficient Method were as much as eight times higher 
than those computed by the Modified SCS Technique. The difference can be 
explained by the increases made in runoff coefficients for the Coefficient 
Method, while no comparable adjustments could be made for the Modified 
SCS Technique. 
A particularly noteworthy result was that in subbasins where 
agricultural land was projected to be replaced almost exclusively by low 
and medium density residential areas, the Modified SCS Technique predicted 
lower runoff quantities at the future stages than at the 1973 stage of 
development. 
The pollutant washoffs computed by STORM for the Monocacy Creek 
watershed, like the runoff quantities, were generally larger at the more 
urbanized stages of development. The increases in pollutant washoffs 
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were proportionately higher than the increases in runoff volumes, however, 
due to the higher pollutant accumulation rates assumed for the more urban 
land uses. 
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The runoff quantity computations in STORM have been calibrated for the 
Monocacy Creek watershed against poor historic streamflow data using short 
rainfall records. Modifications have since been made to the stream gaging 
station. The latest streamflow data should be examined, and if adequate, 
should be used to confirm the calibration of the model for a rainfall 
record at least one year in length. 
A number of factors should be considered in a long-term simulation 
performed to confirm the calibration. Adjustments to the following values 
should be made, if necessary: 
1. exponents in percolation and evapotranspiration functions 
(Modified SCS Technique); and, 
2. runoff coefficients for pervious and impervious lands (Coefficient 
Method). 
Starting soil moisture capacities and initial abstractions (Modified SCS 
Technique) and dates of last prior rainfalls (Coefficient Method) should 
be varied to demonstrate that their effect on a long-term simulation is not 
significant. Once the calibration of the runoff computations for a long-
term rainfall record have been confirmed, pollutant washoffs for the 
Coefficient Method and Modified SCS Technique should be compared and the 
causes of any significant difference eliminated. 
A further refinement to the calibration of the Modified SCS Technique 
133 
may be possible using the four rainfall periods discussed in this report. 
Soil moisture capacities for the urbanized land uses should be recomputed 
and the model recalibrated using the assumption that A, B, and C group soils 
are downgraded to groups B, C, and D, respectively. Predictions of runoff 
quantities for future stages of development made by the Modified SCS 
Technique might then be closer to those made by the Coefficient Method. 
The effects of changes to the percolation and evapotranspiration 
exponents and AMC on runoff computations could be further demonstrated 
by running a series of simulations with AMC held constant and the exponents 
varied, and vice versa. Furthermore, the effects of the initialization 
computations could be observed by considering the April 1977-1 storm to 
be prior to, rather than part of, the input rainfall record for the April 
1977-2 storm. 
In order to calibrate the runoff quality computations in STORM, stream 
quality data for the Monocacy Creek should be collected for a number of 
events. Alternately, an extensive literature search should be conducted 
to find pollutant accumulation data for watersheds with similar land uses. 
The rainfall data used in the work reported here was from a gaging 
station outside the watershed. One or more stations should be established 
within the watershed as an aid to fine-tuning the calibration of STORM. As 
an alternative, rainfall data from other nearby stations, if they exist, 
could be combined using a Thiessen Diagram in hopes of better estimating 
the rainfall over the watershed. In any case, the sensitivity of STORM 
to different rainfall patterns should be determined by varying the rainfall 
hyetograph for an event while maintaining a constant rainfall volume, and 
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comparing the resulting runoff quantity predictions. 
The most urbanized portion of the Monocacy Creek watershed is below 
the existing stream gaging station. A new gaging station should be 
constructed near the mouth of the creek. STORM can then be calibrated 
for an urban subbasin and better predictions of runoff quantities made 
for future stages of development. 
Hourly runoff volumes from all subbasins should be combined to create 
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a hydrograph for the watershed. Once calibrated against hydrographs 
constructed using streamflow data, runoff peaks as well as runoff quantities 
and pollutant washoffs could be predicted for future stages of development. 
The following strategies are recommended for the calibration of STORM: 
1. the minimum treatment rate allowed (0.00001 in/hr) should be 
employed during the calibration of runoff computations; 
2. when calibrating with short rainfall records, particular attention 
should be given to STORM's initialization computations when 
preparing antecedent moisture data and while evaluating runoff 
quantity and pollutant washoff predictions; 
3. calibrate values of maximum soil moisture capacity for storms 
having AMC I and continuous rainfall; 
4. after calibrated values :of maximum soil moisture capacity are 
obtained, determine the best exponents for evapotranspiration 
and percolation functions using a rainfall record which contains 
at least two closely spaced storms, or a single storm having AMC 
II or III~ 
Once STORM has been adequately calibrated for runoff quantities, 
pollutant washoffs, and streamflow peaks, the model can be used with 
confidence to generate predictions for projected future patterns of 
development. If goals defining desired runoff volumes, peaks, and quality 
have been established for the watershed, then stormwater control options 
designed to meet those goals can be modeled and evaluated, including the 
following. 
• detention basins 
• storage and treatment facilities 
. retention basins 
. zoning ordinances 
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October 1976 Storm I 
I 
Hour Precipitation I Day Ending inches 
20 5 a.m. 0.09 
6 0.05 I 
7 0.03 
8 0.02 I 9 Trace 
10 0.04 I 11 0.05 
Noon 0.05 I 1 p.m. 0.02 
2 0.02 I 3 0.13 
4 0.11 
5 0.09 I 
6 0.29 
7 0.34 I 8 0.18 
9 0.06 I 10 0.03 
11 0.02 I Midnight 0.03 
TOTAL 1.65 I 
I 
I 
I 
I 
I 
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I April 1977 - 1 Storm April 1977 - 2 Storm 
I Hour Precipitation Hour Precipitation 
~ Ending inches Day Ending inches 
-I 2 10 a.m. 0.01 4 6 p.m. 0.01 
11 0.07 7 0.02 
I Noon 0.14 8 0.08 
1 p.m. 0.19 9 0.08 
I 2 0.15 10 0.11 3 0.13 11 0.15 
I 4 0.08 Midnight 0.18 5 0.06 5 1 a.m. 0.17 
I 6 0.09 2 0.17 7 0.03 3 0.02 
8 0.01 4 0.02 
I 9 0.12 5 0.03 
10 0.08 6. 0.02 
I 11 0.04 7 0.03 Midnight 0.01 8 0.11 
I 3 1 a.m. 0.03 9 0.03 10 0.03 TOTAL 1. 24 
I 11 0.05 Noon 0.22 
I 1 p.m. 0.11 2 0.02 
3 0.01 
I 4 0.02 
5 Trace 
I 6 0 
7 0.10 
I TOTAL 1. 79 
I 
I 
I 
14.2 
I 
July 1977 Storm I 
I 
Hour Precipitation 
Day Ending inches 
19 6 p.m. 0.03 I 
7 0.01 
8 0 I 
9 0 
10 0.44 I 
11 0.53 
Midnight 0.52 I 
20 1 a.m. 0.06 
2 0.02 I 
TOTAL 1.61 
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APPENDIX B 
Curve Numbers, CN, and 
Starting Soil Moisture Capacities, S, inches 
SUBBASINS 1, 2, 4 and 6 
Land Use AMC I AMC I.V AMC II 
CN s CN s CN s 
WOODED 61 6.39 69 4.50 78 2.80 
OPEN 53 8.87 63 5.85 72 3.90 
AGRICU 1_/ 63 5.85 72 3.90 80 2.50 
LO RES 58 7.24 67 4.95 76 3.20 
MD RES 61 6. 39 69 4.50 78 2.80 
HI RES 75 3.33 82 2.20 88 1.40 
COMMCL 85 1. 76 90 1.10 94 0.65 
INDSTL 78 2.82 84 1. 90 90 1.10 
l/ 
Values are for "Calibrated Value" of S , Table 43 
max 
AMC 
CN 
90 
86 
91 
89 
90 
95 
97 
96 
III 
s 
1.10 
1.60 
0.99 
1.20 
1.10 
0.55 
0.30 
0.40 
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SUBBASIN 3 
Land Use AMC I AMC I.V AMC II 
CN s CN s CN s 
WOODED 57 7.54 66 5.15 75 3.30 
OPEN 43 13.26 53 8.85 63 5.90 
AGRICU J:./ 56 7.85 65 5.40 74 3.50 
LO RES 49 10.41 59 6.95 68 4.70 
MD RES 53 8.87 63 5.85 72 3.90 
HI RES 70 4.29 78 2.83 85 1. 75 
COMMCL 82 2.20 87 1.50 92 0.85 
INDSTL 75 3.33 82 2.20 88 1.40 
!_/ 
Values are for "Calibrated Value" of Smax' Table 43. 
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AMC III 
CN s 
88 1.40 
80 2.50 
88 1. 35 
84 1. 90 
86 1.60 
94 0.65 
96 0.40 
' 
95 0.55 
SUBBASIN 5 
Land Use AMC I AMC I.V AMC II 
CN s CN s CN s 
WOODED 61 6.39 69 4.50 78 2.80 
OPEN 49 10.41 59 6.95 68 4.70 
AGRICU !/ 60 6.65 69 4.50 78 2.80 
LO RES 55 8.18 64 5.60 73 3.70 
MD RES 58 7.24 67 4.95 76 3.20 
HI RES 72 3.89 79 2.65 86 1.60 
COMMCL 83 2.05 88 1. 35 93 0.75 
INDSTL 77 3.00 83 2.05 89 1.20 
]) 
Values are for "Calibrated Value" of S , Table 43. 
max 
AMC III 
CN s 
90 1.10 
84 1.90 
90 1.10 
87 1.50 
89 1.20 
94 0.65 
97 0.30 
86 0.40 
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SUBBASIN 7 
Land Use AMC I AMC LV AMC II 
CN s CN s CN s 
-WOODED 51 9.61 61 6.40 70 4.30 
OPEN 49 10.41 59 6.95 68 4.70 
AGRICU ):_/ 60 6.65 69 4.50 78 2.80 
LO RES 55 8.18 64 5.60 73 3. 70 
MD RES 58 7.24 67 4.95 76 3.20 
HI RES 72 3.89 79 2.65 86 1.60 
COMMCL 83 2.05 88 1. 35 93 0.75 
INDSTL 77 3.00 83 2.05 89 1.20 
1/ 
Values are for "Calibrated Value" of S , Table 43. 
max 
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AMC III 
CN s 
85 1. 75 
84 1. 90 
90 1.10 
87 1.50 
89 1.20 
94 0.65 
97 0.30 
96 0.40 
SUBBASINS 8, 9, 11, and 13 
Land Use AMC I AMC I.V AMC II 
CN s CN s CN s 
WOODED 51 9.61 61 6.40 70 4.30 
OPEN 43 13.26 53 8.85 63 5.90 
AGRICU 1_/ 56 7.85 65 5.40 74 3.50 
LO RES 49 10.41 59 6.95 68 4.70 
MD RES 53 8.87 63 5.85 72 3.90 
HI RES 70 4.29 78 2.83 85 1. 75 
COMMCL 82 2.20 87 1.50 92 0.85 
INDSTL 75 3.33 82 2.20 88 1.40 
1/ 
Values are for "Calibrated Value" of S , Table 43. 
max 
AMC 
CN 
85 
80 
88 
84 
86 
94 
96 
95 
III 
s 
1. 75 
2.50 
1. 35 
1.90 
1. 60 
0.65 
0.40 
0.55 
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SUBBASINS 10, 12 
Land Use AMC I AMC I.V AMC II 
CN s CN s CN s 
WOODED 40 15.00 50 10.00 60 6.70 
OPEN 43 13.26 53 8.85 63 5.90 
AGRICU 1_/ 56 7.85 65 5.40 74 3.50 
10 RES 49 10.41 59 6.95 68 4.70 
MD RES 53 8.87 63 5.85 72 3.90 
HI RES 70 4.29 78 2.83 85 1. 75 
COMMCL 82 2.20 87 1.50 92 0.85 
INDSTL 75 3.33 82 2.20 88 1.40 
1/ 
Values are for "Calibrated Value" of S , Table 43. 
max 
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AMC III 
CN s 
78 2.80 
80 2.50 
88 1.35 
84 1.90 
86 1.60 
94 0.65 
96 0.40 
95 0.55 
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APPENDIX C 
Rating Table, Gage Heights, Hydrographs, and Runoff Computations 
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1/ Rating Table for Monocacy Creek at Bethlehem -
Source: U.S. Department of the Interior, USGS (Water Resources Division) 
Station No. 01-4525.00, Table No. 12, Beginning March 27, 1975 
Gage Height Discharge Gage Height Discharge 
feet cfs feet cfs 
1.68 0 2.10 13.0 
.69 0.05 .11 13.6 
1. 70 0.1 .12 14.2 
.71 0.2 .13 14.9 
.72 0.3 .14 15.6 
.73 0.4 
.15 16.3 
• 74 0.5 
.16 17.0 
• 75 0.6 .17 17.7 
. 76 0.7 
.18 18.4 
.77 0.8 .19 19.1 
. 78 1.0 2.20 19.9 
• 79 1.2 .21 20.7 
1.80 1.4 .22 21.5 
.81 1.6 . 23 22.3 
.82 1.8 .24 23.2 
.83 2.0 .25 24.1 
.84 2.2 .26 25.0 
.85 2.4 .27 26.0 
.86 2.7 .28 27.0 
.87 3.0 .29 28.1 
• 88 3. 3 . 2.30 29.2 
.89 3.6 .31 30.4 
1.90 3.9 . 32 31.7 
.91 4.2 .33 33.0 
.92 4.5 . 34 34.3 
.93 4.8 .35 35.6 
.94 5.1 • 36 37.0 
.95 5.5 .37 38.5 
.96 5.9 .38 40.0 
.97 6.3 . 39 41.5 
.98 6.7 2.40 43.0 
.99 7.1 2.50 59.2 
2.00 7.6 2.60 77 
.01 8.1 2.70 97 
.02 8.6 2.80 118 
.03 9.1 2.90 143 
.04 9.6 3.00 168 
.05 10.1 3.10 195 
.06 10.6 3.20 223 
.07 11.2 3.30 253 
.08 11.8 
.09 12.4 
y 
Based on 9 discharge measurements made during water year 1975. 
Fairly well defined between 30 and 5000 cfs. 
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October 1976 
Observed HydrograEh Revised H~drograEh 
Gage Height Discharge 1/ Stream Flow- Base Flow Runoff~/ Stream Flo.J_/ Base Flow Runoff~/ 
Date Hour feet cfs cfs cfs ac-in cfs cfs ac-in 
10-20-76 16 2.37 38.5 38 38 0 38 38 0 
17 2.41 45 43 39 4 42 38 4 
18 2.43 48 48 40 8 48 38 10 
19 2.48 57 57 41 16 57 39 18 
20 2.66 89 70 42 28 70 39 31 
21 2.66 89 100 43 57 83 39 44 
22 2. 72 101 101 44 57 77 39 38 
23 2. 72 101 101 45 56 68 40 28 
24 2. 72 101 101 46 ~5 59 40 19 
10-21-76 1 2. 72 101 101 47 54 56 40 16 
2 2.85 131 131 48 83 70 40 30 
3 3.02 173 173 49 124 100 41 59 
4 3.09 192 192 50 142 ll5 41 74 
5 3.06 184 184 51 133 104 41 63 
6 2.97 161 161 52 109 88 41 47 
7 2.90 143 143 53 90 74 41 33 
8 2.86 133 133 54 79 68 42 26 
9 2.82 123 123 55 68 63 42 21 
10 2.78 ll4 ll4 56 58 60 42 18 
11 2. 75 107 107 57 50 58 42 16 
12 2. 72 101 101 58 43 56 42 14 
13 2. 71 99 99 59 40 54 43 ll 
14 2.69 95 95 60 35 52 43 9 
15 2.67 91 91 61 30 51 43 8 
16 2.67 91 88 62 26 50 43 7 
17 2.67 91 85 63 22 49 43 6 
18 2.66 89 82 64 18 48 44 4 
19 2.66 89 79 65 14 48 44 4 
20 2.66 89 77 66 ll 47 44 3 
21 2.66 89 75 67 8 47 44 3 
22 2.66 89 73 68 5 46 45 1 
23 2.66 89 71 69 2 46 45 1 
24 2.66 89 70 70 0 45 45 0 
TOTAL 1525 666 
1/ 
-Discharge, plotted and smoothed. 
2/ 
- Observed Hydrograph revised to resemble hydrograph of July 1977. 
3/ (1 ac-in/hr) 
- Runoff (ac-in) = (stream flow (cfs) - Base flow (cfs)) x x 1 hr t cfs 
April 1977-1 
Observed HydrograEh Revised HydrograEh 
Gage Height Discharge Stream FloJ:/ Base Flow Rnnoff~/ Stream Flo.}_/ Base Flow Rtmoff~/ 
Date Hour feet cfs cfs cfs ac-in cfs cfs ac-in 
4-2-77 12 2.51 61 61 61 0 61 61 0 
13 .2.53 65 65 62 3 62 61 1 
14 2.56 70 68 63 5 66 61 5 
15 2.57 72 72 64 8 68 62 6 
16 2.59 75 75 65 10 70 62 8 
17 2.60 77 77 66 11 72 62 10 
18 2.65 87 87 67 20 74 62 12 
19 2. 71 99 99 68 31 78 62 16 
20 2.82 123 123 69 54 82 63 19 
21 2.90 143 143 70 73 88 63 25 
22 2.95 155 155 71 84 94 63 31 
23 2.98 163 163 72 91 104 63 41 
24 2.98 163 163 73 90 104 63 41 
4-3-77 1 2.90 143 143 74 69 94 64 30 
2 2.87 136 135 75 60 89 64 25 
3 2.85 131 132 76 56 86 64 22 
4 2.85 131 131 77 54 82 64 18 
5 2.85 131 129 78 51 80 64 16 
6 2.82 123 123 80 43 79 65 14 
7 2.80 118 117 81 36 78 65 13 
8 2. 76 110 112 82 30 77 65 12 
9 2. 75 108 107 83 24 76 65 11 
10 2.74 105 104 84 20 75 65 10 
11 2. 72 101 101 85 16 75 66 9 
.12 2. 71 99 99 86 13 74 66 8 
13 2.69 95 98 87 11 73 66 7 
14 2.69 95 96 88 8 73 66 7 
15 2.69 95 95 89 6 72 66 6 
16 2.69 95 94 90 4 71 67 4 
17 2.68 93 93 91 2 71 67 4 
18 2.68 93 92 92 0 70 67 3 
19 2.68 93 70 67 3 
20 2.66 89 69 67 2 
21 2.66 89 69 68 1 
22 2.66 89 68 68 0 
TOTAL 983 439 
1/ 
-Discharge, plotted and smoothed. 
2/ 
-Observed Hydrograph revised to resemble hydrograph of ~uly 1977. 
l/Runoff (ac-in) = (stream flow (cfs) - Base flow (cfs)) x (1 ac-in/hr) x 1 hr 1 cf& 
f-' 
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April 1977-2 
Observed ijygrogravh Revised Hydrograph 
Gage Height Discharge Stream FloJ! Base Flow Runoff~/ Stream Flo.J-1 Base Flow Runoff]_/ 
Date Hour feet cfs cfs cfs ac-in cfs cfs ac-in 
4-4-77 21 2.66 89 90 90 0 90 90 0 
22 2.69 95 95 92 3 92 90 2 
23 2. 71 99 99 93 6 94 91 3 
24 2. 74 105 105 94 11 96 91 5 
4-5-77 1 2. 79 116 116 95 21 102 92 10 
2 2.89 141 141 96 45 110 92 18 
3 2.96 158 158 97 61 124 92 32 
4 3.00 168 168 98 70 134 93 41 
5 3.00 168 168 100 68 122 93 29 
6 3.01 171 171 101 70 130 93 37 
7 3.09 192 192 102 90 142 94 48 
8 3.11 198 198 103 95 150 94 56 
9 3.09 192 192 104 88 142 94 48 
10 3.03 177 177 106 71 130 95 35 
11 2.99 165 165 107 58 122 95 27 
12 2.99 165 165 108 57 118 95 23 
13 3.00 168 168 109 59 122 96 26 
14 3.03 177 177 110 67 134 96 38 
15 3.03 177 177 112 65 126 96 30 
16 3.03 177 177 113. 64 122 97 25 
17 3.11 198 198. 114 84 134 97 37 
18 3.19 220 220 115 105 150 97 53 
19 3.27 244 244 116 128 162 98 64 
20 3.25 238 238 117 121 154 98 56 
21 3.21 226 226 118 108 142 98 44 
22 3.19 220 220 119 101 138 99 39 
23 3.15 209 209 120 89 132 99 33 
24 3.15 209 209 122 87 130 99 31 
4-6-77 1 3.15 209 209 124 85 128 100 28 
2 3.15 209 209 125 84 124 100 24 
3 3.15 209 209 126 83 122 100 22 
4 3.15 209 209 127 82 120 101 19 
5 3.15 209 209 128 81 120 101 19 
6 3.15 209 209 129 80 118 101 17 
7 3.15 209 209 130 79 116 102 14 
8 3.15 209 209 131 78 116 102 14 
9 3.15 209 209 132 77 116 102 14 
10 3.15 209 209 133 76 114 103 11 
11 3.15 209 209 135 74 114 103 11 
April 1977-2 (continued) 
Observed H~drograEh 
Gage Height Discharge Stream FloJ/ Base Flow 3/ Runoff-
Date Hour feet cfs cfs cfs ac-in 
4-6-77 12 3.15 209 209 136 73 
13 3.15 209 209 137 72 
14 3.16 212 206 138 68 
15 3.25 238 204 139 65 
16 3.11 198 200 140 60 
17 3.24 235 197 141 56 
18 3.10 195 194 143 51 
19 3.08 190 191 144 47 
20 3.08 190 188 145 43 
21 3.06 184 186 146 40 
22 3.05 182 185 147 38 
23 3.04 180 181 149 32 
24 3.04 180 180 150 30 
4-7-77 1 3.02 173 177 151 26 
2 3.08 190 176 152 24 
3 3.05 182 174 153 21 
4 3.04 180 172 154 18 
5 3.01 171 171 155 16 
6 3.01 171 169 157 12 
7 2.99 165 168 158 10 
8 2.99 165 166 159 7 
9 2.99 165 164 160 4 
10 2.96 158 162 162 0 
TOTAL 3584 
1/ 
-Discharge, plotted and smoothed. 
~/Observed Hydrograph revised to resemble hydrograph of July 1977. 
3/ 1 
-Runoff (ac-in) = (stream flow (cfs) - Base flow (cfs)) x ( ac-in/hr). 1 h 1 cfs x r 
-
.. 
- - - -
.. 
- - - - -
Revised H~drograEh 
Stream Flo.)_/ Base Flow 
cfs cfs 
112 103 
112 104 
110 104 
110 104 
110 105 
108 105 
108 105 
108 106 
106 106 
- - - -
Runoftl-1 
ac-in 
9 
8 
6 
6 
5 
3 
3 
2 
0 
1125 
- -
I-' 
\.J1 
\.J1 
-
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I 
I 
I 
July 1977 
I Observed H~dro~ra~h 
Gage Height Discharge Stream FloJ:-1 Base Flow Runoffy 
Date Hour feet cfs cfs cfs ac-in 
7-19-77 21 2.24 23.2 23 23 0 I 
22 2.24 23.2 25 23 2 
23 2.30 29.2 29 23 6 
24 2. 34 34.3 34 23.5 10.5 
7-20-77 1 2.57 71.7 72 23.5 48.5 I 
2 2.51 61.0 61 23.5 37.5 
3 2.49 57.6 58 24 34 
4 2.51 61.0 61 24 37 
5 2.44 49.5 50 24 26 
6 2.38 40.0 40 24 16 I 
7 2.48 56.0 56 24 32 
8 2.60 77.0 77 24.5 52.5 
9 2.62 81.0 81 24.5 56.5 
10 2.55 68.1 68 24:5 43.5 I 
11 2.49 57.6 58 25 33 
12 2.46 52.7 53 25 28 
13 2.43 47.9 48 25 23 
14 2.39 41.5 43 25 18 I 
15 2.39 41.5 40 25.5 14.5 
16 2.52 62.8 37 25.5 11.5 
17 2.34 34.3 35 25.5 9.5 
18 2. 34 34.3 34 25.5 i 8.5 
19 2.33 33.0 33 26 7 I 
20 2.33 33.0 33 26 7 
21 2.33 33.0 32 26 6 
22 2.32 31. 7 31 26 5 
23 2.31 30.4 31 26 5 I 
24 2.31 30.4 31 26.5 4.5 
7-21-77 1 2. 31 30.4 30 26.5 3.5 
2 2.31 30.4 30 26.5 3.5 
3 2. 31 30.4 30 27 3 
4 2. 31 30.4 30 27 3 I 
5 2.31 30.4 29 27 2 
6 2.30 29.2 29 27 2 
7 2.30 29.2 29 27 2 
8 2.30 29.2 29 27.5 1.5 I 
9 2.30 29.2 29 27.5 1.5 
10 2.30 29.2 29 27.5 1.5 
11 2.29 28.1 29 27.5 1.5 
12 2.29 28.1 29 27.5 1.5 
13 2.29 28.1 28 28 0 I 
TOTAL 609 
1/ 
and smoothed - Discharge, plotted I 
I 
2/ 1 ac-in/hr) x 1 hr 
- Runoff (ac-in) a (stream flow (cfs) - Base flow (cfs) x ( 1 cfs 
I 
I 
I 
.. . . .... . -
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I APPENDIX D 
I Pollutant Washoff Predictions 
I 
I 
I 
I 
I 
I 
I 
I 
I 
October 1976, Coefficient Method 
158 I 
Washoff 2 EO\llldS I 
Subbasin SUSP SETL BOD N P04 COLI (billion MPN) I 1/ 1 4,5002; 150 960 690 54 13,000 
4 ,500); 170 1,100 630 69 16,000 I - 4 ,5004; 150 960 690 54 13,000 21,00o-:- 1,100 3,400 1,600 220 34,000 
2 3,700 150 930 750 55 18,000 I 3,900 190 1,100 650 84 24,000 
4,800 190 1,200 820 74 22,000 
29,000 1,700 5,000 2,200 340 62,000 I 3 1,800 69 560 450 33 9,200 
13,000 440 2,900 1,600 190 42,000 
1,800 69 560 450 33 9,200 I 89,000 3,800 13,000 6,300 788 102,000 
4 350 16 130 180 5 2,300 I 1,300 81 460 320 29 8,000 350 16 130 180 Lf 2,400 
7' 300. 770 1,600 680 120 23,000 I 5 600 '. ·.26 210 230 10 4,000 
4,200 190 1,100 700 69 17,000 
690 33 250 230 12 4,600 I 89,000 4,000 13,000 6,300 750 92,000 
6 550 23 180 200 8 3,200 I 2,500 95 620 530 32 8,600 550 23 190 200 7 3,200 
15,000 980 2,800 1,200 200 33,000 
7 7,800 240 1,600 950 100 21,000 I 
9,200 300 2,000 1,100 130 25,000 
7,900 240 1,600 950 100 21,000 I 67,000 2_,800 9,400 4,700 540 62,000 
8 370 16 130 180 5 2,200 
3,900 160 960 650 63 17,000 I 370 14 140 180 5 2,300 
33,000 2,200 5,400 2,500 360 58,000 
9 1, sao 74 600 460 37 9,800 I 9,400 360 2,300 1,400 160 35,000 
9,300 320 2,200 1-,400 130 28,000 
I 72,000 4,100 11,000 5,300 750 120,000 
10 490 24 200 190 11 3,300 
3,900 160 1,000 670 64 14,000 I 3,900 160 1,000 670 64 14,000 31,000 2,000 5,100 2,500 330 43,000 
I 
I 
.·.- ···-·-- ·-· --~---,.-·-·-· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
October 1976, Coefficient 
Washoff, pounds 
Subbasin SUSP SETL BOD N 
11 200 7 69 98 
2,900 85 600 450 
1,900 59 420 350 
101,000 3,600 14,000 6,800 
12 310 23 160 120 
1,700 100 580 340 
1,700 100 580 340 
8,300 1,100 2,000 830 
13 1,500 88 490 270 
1,600 120 590 260 
1,600 120 590 260 
8,800 930 1,800 740 
TOTAL 24,000 910 6,300 4,800 
62,000 2,500 15,000 9,300 
39,000 1,500 9,800 6,700 
5 71,000 29,000 .88,000 42,000 
l/ 1973 Land Use 
21 2000-Zoning Land Use 
31 2000-JPC Land Use 
4/ Ultimate Land Use 
159 
Method 
P04 COLI (billion MPN) 
2 1,100 
34 7,600 
22 6,200 
770 87,000 
11 3,000 
41 9,000 
41 9,000 
140 22,000 
41 12,000 
51 16,000 
51 16,000 
140 33,000 
370 102,000 
1,000 239,000 
600 151,000 
5·,400 771,000 
160 I October 1976 Modified SCS Technique 
Washoff 2 :eounds I 
Subbasin SUSP SETL BOD N P04 COLI (billion MPN) I 23(}v 1 12 89 70 5 1,700 23~/ 14 100 65 8 2,100 I 23c)_l 12 89 70 5 1,700 170!?./ 11 92 37 8 2,000 
2 150 10 74 68 4 1,900 I 160 12 .95 55 7 2,600 
220 13 110 81 7 2,600 
260 19 160 59 15 4,100 I 3 260 13 98 82 5 1,800 
770 40 310 180 22 6,100 
I 260 13 98 82 5 1,800 1,400 73 560 270 43 11,000 
4 33 2 17 24 0 320 I 16 0 11 8 0 260 33 2 17 24 0 320 
18 2 19 7 0 450 I 5 30 0 14 16 0 280 
85 ·6 45 32 2 930 
43 2 21 21 0 420 I. 1,800 91 650 320 48 12,000 
6 66 3 29 32 0 550 I 61 3 31 30 0 570 66 3 29 32 0 550 
56 4 41 15 2 950 
7 830 35 280 170 18 4,800 I 1,200 52 390 220 27 6,700 
830 35 280 170 18 4,800 I 2,000 91 660 330 47 11,000 
8 9 0 4 6 0 80 
130 9 63 47 4 1,400 I 0 0 0 0 0 0 
380 31 200 89 17 4,700 
9 250 14 110 87 7 2,000 I 450 28 210 140 16 4,300 
370 20 160 120 11 2,900 
I 1,200 79 560 240 .48 13,000 
10 35 2 20 20 0 350 
140 7 71 52 4 1,300 I 140 7 71 52 4 1,300 340 29 190 86 16 3,300 
I 
I 
.. -----·~-~---·· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Subbasin SUSP 
11 5 
86 
44 
6,100 
12 7 
18 
18 
16 
13 29 
42 
42 
47 
TOTAL 1,900 
3,400 
2' 300 
14,000 
1/ 1973 Land Use 
];_/ 2000-Zoning Land Use 
]_/ 2000-JPC Land Use 
!!_/ Ultimate Land Use 
161 
October 1976 Modified SCS Technique 
Washoff, pounds 
SETL BOD N P04 COLI (billion MPN) 
0 2 3 0 40 
2 33 29 2 610 
2 19 18 0 38 
200 1,600 800 110 24,000 
1 5 4 0 110 
1 13 7 0 260 
1 13 7 0 260 
2 20 7 1 350 
2 22 13 2 660 
4 33 15 2 1,100 
4 33 15 2 1,100 
6 42 15 3 1 ~400-
94 760 600 41 15,000 
180 1,400 880 94 28,000 
110 940 690 52 18,000 
640 4,800 2,300 360 88,000 
162 I 
April 1977-1, Coefficient Method 
I 
Washoff 2 Eounds 
Subbasin SUSP SETL BOD N P04 COLI (billion MPN) I 
1 2,400 94 660 500 38 11,000 I 2,400 110 760 460 51 13,000 2,400 94 660 500 38 11,000 
9,700 420 2,200 940 150 31,000 
I 2 2,000 98 650 570 40 15,000 2,000 120 820 480 63 20,000 
2,500 . 120 830 610 56 18,000 I 14,000 640 3,200 1,300 240 57,000 
3 1,200 53 420 340 24 7,400 
6,600 280 2,000 1,100 140 35,000 I 1,200 53 420 340 24 7,400 
41,000 1,500 7,700 3,700 510 92,000 
4 220 12 97 130 4 1,800 I 700 52 340 250 22 6,600 
230 13 100 140 4 1,900 I 3,400 300 1,200 450 94 21,000 
5 390 20 160 180 7 3,100 
2,200 120 760 520 51 14,000 I 450 24 190 180 10 3,700 40,000 1,500 7,300 ~,600 470 80,000 
6 -340. 17 130 150 6 2,400 I 1,300 62 430. 40.0 23 7,200 
36.0 17 140 150 6 2,500 
7,100. 380 1,9.00 750. 140 
·, 
30,000 I 7 4 ,10.0 150 1,100 670 70 17,000 
4,800 20.0. 1,300 730 90 21,000. I 4,100 150 1,100 670. 70 17,000 3o.,oo.a 1,100. 5)30.0 2,700 330 54,000 
8 230 11 98 130 4 1,700 I 2 ,Q.OO. 10.0 680 480 47 14,000. 
24CT 12. 100 .140 4 1,800 
15.,0.QO. 850 3,400 1,600 250. 53,000 I 1 ,lOU~ 58 450 350 28 7,800 
4. 9~00 230. 1-;600 1;000 110 29,000 
I 4,9.00 210 1,500 1,000 95 23,000 33,000 1,60:Q 7,100 3,200 520 111,000 
10. 314 lg_. 150 150 9 2,600 I 2,100 100 720 500 48 11,000. 2,100 100. 
-720 500 48 11 '000. 
15,000. 770. 3_,300 1,500 230 39 .• 000 
I 
I 
I 163 
I April 1977-1, Coefficient Method 
I Subbasin 
Washoff! Eounds 
SUSP SETL BOD N P04 COLI (billion MPN) 
I 11 125 5 49 73 2 860 1,500 55 410 330 23 6,300 990 39 290 260 17 5,200 
I 12 
46,000 1,400 7,500 3,800 460 76,000 
200 17 130 94 9 2,400 
880 67 430 260 31 7,500 
I 880 67 430 260 31 7,500 3,900 410 1,400 570 110 20,000 
I 
13 780 58 360 200 3.1 10,000 
850 77 440 190 41 13,000 
850 77 440 190 41 13,000 
4,100 360 1,200 480 110 30,000 
I TOTAL 13,000 620 4,500 3,500 270 83,000 
32,000 2,000 11,000 6,700 740 198,000 
I 21,000 980 6,900 4,900 440 123,000 262,000 11,000 53,000 25,000 3,600 694,000 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
164 I 
April 1977-1, Modified SCS Technique I 
Washoff, pounds 
Subbasin SUSP SETL BOD N P04 COLI (billion MP~) I 
1 110 6 46 37 3 880 I 140 8 64 40 4 1,300 110 6 46 37 3 880 
120 8 67 27 . 6 1,500 I 2 70 5 35 32 2 900 
86 7 54 32 4 1,500 
110 7 57 43 4 1,400 I 180 14 110 42 10 3,000 
3 189 9 74 62 4 1,400 
I 540 29 230 130 16 4,600 190 9 74 62 4 1,400 
980 54 410 200 32 8,300 
4 4 0 2 3 0 37 I 1 0 1 1 0 24 
4 0 2 3 0 37 
.I 10 1 11 4 1 260 
5 14 1 7 8 0 140 
54 4 29 20 2 600 I 24 1 12 12 1 240 1,200 66 470 230 35 8,800 
6 18 1 8 9 0 160 I 17 1 9 9 0 170 
18 1 8 9 0 160 
38 3 29 11 3 660 I 
7 540 26 200 120 13 3,600 
750 38 280 160 20 5,000 I 540 26 200 120 13 3,600 1,300 66 480 240 34 8,300 
8 7 0 3 5 . 0 62 I 93 6 47 35 3 1,100 
7 0 3 5 0 62 
260 23 150 63 13 3,400 I 1,500 9 190 11 86 68 5 
330 20 160 100 12 3,300 I 270 15 120 90 8 2,200 790 59 410 180 36 10,000 
10 28 2 16 15 1 280 I 110 7 56 40 4 1,000 110 7 56 40 4 1,000 
250 21 140 65 12 2,600 I 
I 
- --~----~ 
I 165 
I April 1977-1, Modified SCS Technique 
I Subbasin Washoff, pounds SUSP SETL BOD N P04 COLI (billion MPN) 
I 11 4 0 2 3 0 31 64 3 25 21 1 460 
31 2 14 13 1 280 
I 12 3,600 150 1,100 570 75 19,000 6 1 4 3 0 82 
13 1 10 6 1 200 
I 13 1 10 6 1 200 12 2 15 6 1 270 
I 13 20 2 15 8 1 460 28 3 23 10 2 770 28 3 23 10 2 770 
31 5 29 10 3 940 
I TOTAL 1,200 64 500 380 29 9,500 
2,200 130 990 600 69 20,000 
I 1,500 78 630 450 41 12,000 8,800 470 3 ,400· 1,600 ' 260. 67,000 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
166 I 
April 1977-2, Coefficient Method I 
Washoff, pounds 
Subbasin SUSP SETL BOD N P04 COLI (billion MPN) I 
1 6,100 230 1,100 790 64 14,000 I 6,100 260 1,300 730 80 17,000 6,100 230 1,100 790 64 14,000 
21,000 1,100 2,700 1,300 160 14,000 
I 2 5,100 240 1,100 850 64 18,000 
5,200 300 1,300 740 94 25,000 
6,500 300 1,400 940 87 23,000 I 29,000 1,800 3,800 1,800 230 26,000 
3 3,000 130 880 700 so 14,000 
I 17,000 700 3,400 1,900 220 44,000 3,000 130 880 700 so 14,000 
89,000 4,000 11,000 5,300 590 43,000 
4 560 30 200 260 7 3,500 I 1,800 130 520 360 33 8,400 
580 31 210 280 8 3,600 I 7,300 810 1,100 500 73 9,700 
5 950 47 320 340 15 5,900 
5,600 300 1,300 800 79 18,000 I 1,100 59 380 360 21 7,100 8,200 3,800 9,700 4,800 530 36,000 
6 870 41 280 300 13· 4,700 I 3,400 150 720 600 37 9,100 
890 42 290 310 13 4,900 
15,000 1,000 2,100 960 130 14,000 I 
7 11,000 380 1,900 1,100 120 22,000 
12,000 480 2,300 1,200 150 26,000 I 11,000 380 1,900 1,100 120' 22,000 61,000 2,700 7,200 3,600 390 24,000 
8 590 28 290 260 7 3,400 I 5,300 250 1,100 750 72 17,000 
600 29 210 280 8 3,500 
33,000 2,300 4,200 2,000 250 25,000 \1 9 2,900 140 950 720 57 15,000 
13,000 580 2,700 1,600 180 37,000 
I 13,000 510 2,500 1,600 150 29,000 72,000 4,300 9,000 4,400 530 52,000 
10 770 45 300 280 17 4,800 I 5,300 260 1,200 760 74 15,000 5,300 260 1,200 760 74 15,000 
32,000 2,100 4,000 2,000 230 18,000 I 
I 
- ~ --- -· -~·--~ 
I 167 
I April 1977-2, Coefficient Method 
I Subbasin 
Washoff, pounds 
SUSP SETL BOD N P04 COLI (billion MPN) 
I 11 310 13 98 140 3 1,600 3,900 140 720 510 39 8,000 
2,600 96 500 400 27 6,500 
I 12 93,000 3,500 11,000 5,400 570 34,000 510 42 260 190 17 4,600 
2,300 170 660 390 45. 9,400 
I 2,-300 170 660 390 45 9,400 8,300 1,100 1,300 600 86 9,500 
I 13 2,000 140 560 300 44 13,000 2,200 190 670 300 57 17,000 2,200 190 670 300 57 17,000 
8,800 970 1,300 580 86 14,000 
I TOTAL 34,000 1,500 8,300 6,200 470 124,000 
83,000 3,900 18,000 11,000 1,200 251,000 
I 55,000 2,400 12,000 8,200 720 169,000 551,000 29,000 68,000 33,000 3,900 319,000 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
. . . ··-· ~~ ·- ~ .... ~ 
168 I 
April 1977-2, Modified SCS Technique I 
Washoff, pounds 
Subbasin SUSP SETL BOD N P04 COLI (billion MPN) I 
1 620 28 210 160 12 3,700 I 560 30 220 140 15 4,200 620 28 210 160 12 3,700 
350 23 180 73 15 3,800 
I 2 460 26 190 170 12 4,600 410 29 220 130 17 5,700 
607 33 250 190 17 5,800 I 550 39 300 110 26 7,700 
3 500 23 180 150 11 3,300 
1,400 72· 530 300 38 10,000 I 500 23 180 150 11 3,300 2,600 130 930 440 69 18,000 
4 140 7 61 83 2 1,100 
.I 72 6 50 37 3 1,000 
140 7 61 83 2 1,100 I 59 8 60 21 5 1,400 
5 130 7 55 '63 3 1,100 
240 17 120 83 8 2,400 I 162 9 70 69 4 1,400 3,100 160 1,000 510 75 18,000 
6 240 11 91 99 4 1,600 I 230 12 95 93 5 1,700 
240 11 91 99 4 1,600 
150 13 110 39 9 2,400 I 
7 1,600 65 470 290 30 7,800 
2,100 94 630 350 43 10,000 I 1,600 65 470 290 30 7,800 3,500 160 990 500 69 15,000 
8 21 1 10 14 0 190 I 240 15 110 83 8 2,500 
21 1 10 14 0 190 
700 57 350 150 29 7,900 
.I 450 24 190 150 12 3,300 9 
780 46 350 220 25 6,900 
I 630 34 270 190 17 4,600 2,100 140 910 400 77 21,000 
10 61 4 34 33 2 590 I 230 15 120 82 8 2,100 230 15 120 82 8 2,100 
560 45 290 130 23 5,100 I 
I 
'·--
___ .... __ 
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I. April 1977-2, Modified SCS Technique 
I Subbasin 
Washoff, ponnds 
SUSP SETL BOD N P04 COLI (billion MPN) 
I 11 12 1 5 8 0 96 170 8 61 52 3 1,100 82 4 34 33 2 700 
I 12 11,000 380 2,300 1,200 150 31,000 14 1 10 8 1 200 
29 3 22 14 2 420 
I 29. 3 22 14 2 420 24 4 28 11 2 520 
I 13 57 6 40 22 4 1,200 84 10 63 28 6 2,100 84 10 63 28 6 2,100 
95 13 79 28 8 2,600 
I TOTAL 4,300 200 1,500 1,300 93 29,000 6,500 360 2,600 1,600 180 50,000 
I 4,900 240 1,900 1,400 120 35,000 25,000 1,200 7,500 3,600 560 134,000 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
170 I 
July 1977, Coefficient Method 
I 
Washoff~ EOunds 
Subbasin SUSP SETL BOD N P04 COLI (billion MPN) I 
1 6,700 210 1,200 820 67 14,000 
6,800 230 1,300 760 83 17,000 I 6,700 210 1,200 820 67 14,000 
32,000 2,100 4,700 2,200 290 36,000 
2 5,600 220 1,100 870 67 18,000 I 5,800 260 1,300 770 97 25,000 
7,200 270 1,500 970 90 23,000 
45,000 3,300 6 '700 3,000 440 67,000 I 
3 2,400 76' 630 490 35 9,600 
19,000 620 3,600 1,900 230 44,000 I 2,400 76 630 490 36 9,600 140,000 7,400 18,000 8,900 1,000 110,000 
4 450 18 150 190 6 2,400 I 2,000 110 540. 370 33 8,400 
450 18 150 190 5 2 ,4,00 
11,000 ·1 ,500 2,100 900 150 24,000 I 5 770 29 230 240 11 4,100 
6,200 270 1,300 . 830 82 18,000 I 890 36 270 250 15 4,800 150,000 9,300 19,000 9,500 1,100 99,000 
6 710 25 210 210 9 3,300 I 3,800 140 760 620 39 9,000 710 24 210 210 9 3,300 
23,000 1,900 3,700 1 '700 240 35,000 I 7 12,000 340 2,100 1,200 120 22,000 
14,000 430 2,500 1,300 150 26,000 
12,000 340 2,100 1,200 120 22,000 I 110,000 6,600 14,000 . 7,100 790 6 7,000 
8 480 17 150 190 6 2,400 I 5,800 220 1,200 770 76 17,000 480 17 150 190 5 2,400 
51,000 4,300 7,300 3,500 460 62,000 
I 9 2,300 83 670 500 40 10,000 
14,000 510 2,800 1,700 180 37,000 
14,000 450 2,700 1,700 160 29,000 I 110,000 8,000 16,000 7,400 970 131,000 
10 620 27 220 220 12 3,400 
I 5,900 230 1,200 790 77 15,000 5,900 230 1,200 790 77 15,000 
49,000 3,900 7,000 3,400 430 46,000 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Subbasin 
11 
12 
13 
TOTAL 
SUSP SETL 
260 8 
4,300 120 
2,800 85 
170,000 8,500 
400 25 
2,500 150 
2,500 150 
13,000 2,100 
2,200 130 
2,400 170 
2,400 170 
13,000 1,800 
35,000 1,200 
93,000 3,500 
58,000 2,100 
917,000 61,000 
171 
July 19_77 ~ Coefficient Method 
Washoff, pounds 
BOD N P04 COLI (billion MPN) 
77 110 3 1,200 
760 530 40 8,000 
530 410 28 6,500 
21,000 10,000 1,100 93,000 
180 130 12 3,100 
680 400 47 9,400 
680 400 47 9,400 
2,500 1 ~.100 180 24,000 
590 310 45 13,000 
690 310 58 17,000 
690 310 58 17,000 
2,300 1,000 170 35,000 
7,500 5,400 430 106,000 
19,000 11,000 1,200 251,000 
12,000 . 7 '900 720 158,000 
124,000 60;000 7,300 829,000 
.. ,. . :· ........... ·....;.._ 
172 I 
July 1977, Modified SCS Technique I 
Washoff, pounds 
I Subbasin SUSP SETL BOD N P04 COLI (billion MPN) 
1 410 18 140 110 7 2,400 I 390 19 150 93 11 2,900 410 18 140 110 7 2,400 
250 15 120 50 10 2,600 I 2 280 15 120 110 7 2,800 
270 17 140 81 11 3,600 
280 15 120 110 7 2,800 I 400 24 210 79 18 5,300 
3 360 16 130 110 7 2,300 I 1,200 51 400 230 28 7,600 360 16 130 110 7 2,300 
2,300 96 750 360 56 14,000 
I 4 71 3 32 44 1 590 33 3 24 18 1 510 
71 3 32 44 1 590 I 30 4 32 11 3 730 
5 54 3. 24 27 1 500 
140 10 68 47 5 1,400 I 43 2 21 21 0 420 
2,900 120 880 430 62 15,000 
6 130 5 51 55 2 920 I 120 6 53 51 3 960 
130 5 51 55 2 920 
I 87 7 62 23 5 1,400 
7 1,400 47 380 230 25 6,000 
1,900 71 540 290 36 8,300 I 1,400 47 380 230 25 6,000 3,500 130 910 460 63 13,000 
8 11 1 5 7 0 95 I 181 10 79 58 6 1,800 
11 1 5 7 0 95 
580 41 260 120 22 5,900 
.I 
9 341 17 140 110 9 2,400 
640 32 260 170 20 5,200 I 450 28 210 140 16 4,300 1,900 110 740 320 61 16,000 
10 43 3 23 22 1 410 I 190 10 88 62 6 1,500 
190 10 88 62 6 1,500 
490 34 230 110 19 4,000 I 
I 
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I July 1977, Modified SCS Technique 
I Subbasin 
Washoff, pormds 
SUSP SETL BOD N P04 COLI (billion MPN) 
I 11 6 0 3 4 0 48 120 6 42 35 2 750 
44 2 19 18 0 380 
I 12 12,000 350 2,400 1,200 150 29,000 9 1 6 5 0 130 
I 
21 2 15 10 1 300 
21 2 15 10 1 300 
20 3 23 8 2 410 
I 13 40 4 27 15 2 830 60 7 44 19 5 1,400 60 7 44 19 5 1,400 
I TOTAL 
71 8 55 19 6 1,800 
3,100 130 1,100 830 62 19,000 
5,300 240 1,900 1,200 140 36,000 
I 3,500 160 1,300 940 77 23,000 25,000 940 6,700 3,foo 480 109,000 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
APPENDIX E 
I Runoff Predictions 
I 
I 
I 
I 
I 
I 
I 
I 
I 
175 I 
October 1976, Coefficient Method I 
I 
1973 1/ 2000-Zoning 2000-JPC Ultimate Runoff~/ Runoff~/ Rlina££1/ I Runoff-Subbasin inches ac-in inches ac-in inches ac-in inches ac-in 
1 .04 75 .·06 110 .04 75 .23 440 I 
2 .03 95 .OS 170 .04 130 .23 720 
3 .02 60 .08 250 .02 55 . 35 1040 I 
4 .01 20 .04 80 .01 30 .17 370 
I 5 .01 25 .OS 130 .02 40 .45 1080 
6 .01 25 .03 65 .01 30 .23 520 I 7 .08 110 .11 140 .08 100 .52 690 
8 .01 20 .05 95 .01 25 . 36 660 I. 
9 .02 70 .06 220 .OS 180 . 36 1230 
10 .02 35 .06 100 .06 100 . 34 630 I 
11 .01 10 .04 40 .04 35 .73 730 I 12 .02 35 .05 100 .05 100 .27 480 
13 .OS 70 .07 100 .07 100 .24 340 I 
TOTAL 650 1600 1000 8930 I 
I 
I 
1/ in., c 0.01, c. = 0.10 and 0. 30 - D = 0. 60 I p l. 2/ 
- D = 0.60 in., c = 0.01, c. = 0.30 and 0.10 p l. 
3/ 
and 0.40 in., c 0.01, c. = 0.90 I - D = 0. 60 p l. 
I 
I 
I 176 
I 
I October 1976, Modified SCS Techniquel/ 
I, 1973 2000-Zoning 2000-JPC Ultimate 
Runoff Runoff Runoff Runoff 
Subbasin inches ac-in inches ac-in inches ac-in inches ac-in 
I 1 .03 55 .03 60 .03 60 .03 55 
I 2 .03 95 .03 80 .03 95 .03 95 3 .02 60 .04 110 .02 55 .05 120 
I 4 .01 20 .01 15 .01 30 .01 20 
5 .01 25 .01 30 .01 20 .06 140 
I 6 .02 45 .02 35 .02 40 .01 25 
7 . 06 80 .07 90 .06 80 .09 120 
I 8 0 0 .02 40 .00 5 .04 70 
I 9 .02 70 .03 100 .02 85 .05 170 10 . 01 20 .02 40 .02 40 .03 55 
.I 11 0 0 .02 20 .01 15 .15 150 
12 0 0 .01 10 .01 10 .01 20 
I 13 .01 15 .02 25 .02 25 .02 30 
I TOTAL 485 655 560 1100 
I 
I 1:__/ AMC I 'v = 4.0, p = 4.0 , 
I 
I 
I 
I 
177 I 
I 
April 1977-1, Coefficient Method I 
1973 1/ 2000-Zoning 2000-JPC Ultimate il Runoff!:_/ Runoff!/ 3/ Runoff- Runoff-
Subbasin inches ac-in inches ac-in inches ac-in inches ac-in 
1 .03 55 .05 90 .03 55 .18 340 I 
2 .02 65 .04 130 .03 95 .18 570 
I 3 .02 60 .07 200 .02 60 .27 800 
4 .01 20 .03 65 .01 20 .13 280 I 5 .01 25 .04 95 .01 25 . 30 720 
6 .01 25 .02 45 .01 25 .18 410 I 
7 .06 80 .08 110 .06 80 . 35 470 
8 .01 20 .04 70 .01 20 .29 530 I 
9 . 02 70 .05 170 .04 140 .28 960 I 10 .01 20 .04 80 .04 75 .26 480 
11 .01 10 .03 30 .03 30 .50 500 I 
12 .02 35 .04 70 .04 70 .21 370 
13 .04 60 .06 85 .06 85 .19 270 I 
TOTAL 545 1240 780 6700 I 
I 
.. Yn = 0.60 in., c = p 0.01, c. = l. 0~10 and 0.30 I 
2f 
0.60 in., = 0.01, 0.30 and 0.10 I -n= c c. = p l. 
3/ 
0.60 and 0.40 -n= in., c = 0.01, c. = 0.90 I p l. 
I 
I 
.. ·-~-----
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
April 1977-1, Modified SCS Techniqu~/ 
1973 2000-Zoning 2000-JPC 
Runoff Runoff Runoff 
Subbasin inches ac-in inches ac-in inches ac-in 
1 .02 40 .02 40 .02 40 
2 .01 30 .01 30 .02 65 
3 .01 30 .03 90 .01 30 
4 0 0 .00 10 .00 10 
5 0 0 .01 25 .01 25 
6 0 0 .00 10 .00 10 
7 .04 55 .05 65 .04 55 
8 0 0 .02 35 0 0 
9 .02 70 .02 70 .02 70 
10 .01 20 .02 35 .02 40 
11 0 0 .01 10 .01 10 
12 0 0 .01 20 .01 20 
13 .01 15 .01 15 .01 15 
TOTAL 260 455 390 
1/AMC II, v = 4.0, p 4.0 
178 
Ultimate 
Runoff 
inches ac-in 
.02 40 
.02 65 
.04 120 
0 0 
.05 120 
.01 25 
.07 95 
.03 55 
.04 140 
.03 55 
.11 110 
.01 20 
.01 15 
860 
179 I 
I 
April 1977-2, Coefficient Method 
I 
1973 1/ 
2000-Zoning ·2000-JPC Ultimate I 2/ 1/ 3/ Runoff- Runoff- Runoff- Runoff-Subbasin inches ac-in inches ac-in inches ac-in inches ac-in 
1 . 06 120 .10 180 .06 120 . 38 730 I 
2 .05 160 .09 2 70 .07 220 . 38 1200 
3 .03 90 .14 400 .03 90 .57 1690 I 
4 .02 45 .06 130 .02 45 .28 610 I 5 .02 50 .09 220 .03 70 .62 1480 
6 .02 45 .05 120 .02 45 . 38 860 I 
7 .13 170 .18 240 .. 13 170 .72 950 
8 .02 35 .09 160 .02 35 .60 1100 I 
9 .03 110 .11 370 .o9· 310 .60 2060 
10 .03 55 .09 170 .09 170 .56 1030 ·I 
11 .02 20 .07 70 .06 60 1.02 1010 I 12 .03 55 .09 170 .09 160 .44 790 
13 .09 130 .12 160 .12 170 .41 580 I 
TOTAL 1085 2660 1665 14,090 I 
I 
I 
1/ 0.60 in., c 0.01, c. = 0.10 and 0.30 -n= I p ~ 2/ 
-n= 0.60 in., c = 0.01, C. = 0. 30 and 0 .. 10 p ~ 
3/ 0.60 and 0. 40 in., c 0.01, c. 0.90 I -n= = p ~ 
I. 
I 
- ~~-·--- ... 
I 
I 
I 
April 1977-2, Modified SCS Techniquel/ 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
Subbasin 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
TOTAL 
1973 
Runoff 
inches ac-in 
. 08 150 
.07 220 
.04 120 
.05 110 
.03 70 
.05 110 
.ll 150 
.01 20 
.04 140 
.02 35 
.01 10 
.01 20 
.03 40 
1195 
II l 1AMc II, v = 4.0, p = 4.0 
I 
I 
I 
I 
2000-Zoning 2000-JPC 
Runoff Runoff 
inches ac-in inches ac-in 
.07 130 .08 150 
.06 190 .07 220 
.07 210 .04 120 
.03 65 .05 100 
.04 95 .03 70 
.05 120 .05 llO 
.12 / 160 .11 150 
.04 75 .01 20 
.05 170 .04 140 
.04 75 .04 75 
.04 40 .03 30 
.01 20 .01 20 
.03 40 .03 40 
1390 1245 
180 
Ultimate 
Runoff 
inches ac-in 
.05 95 
.06 190 
.09 270 
.03 65 
.11 260 
.03 70 
.15 200 
.07 130 
.09 310 
.06 llO 
.27 270 
.01 20 
.04 55 
2045 
181 I 
July 1977, Coefficient Method I 
2000-Zoning I 
1973 1/ 2000-JPC Ultimate Rtmoff~/ Rtmoff.J:./ 3/ I Rtmoff- Rtmoff-Subbasin inches ac-in inches ac-in inches ac-in inches ac-in 
1 • 04 75 .06 110 .04 70 .22 420 I 2 .03 95 .05 160 .04 120 .22 690 
3 .02 60 .08 230 .02 55 .33 980 I 
4 .01 20 .03 75 .01 30 .16 350 
5 .01 25 .05 120 .02 40 .43 1030 I 
6 .01 25 .03 65 .01 30 .21 470 
7 .07 95 .10 140 .07 95 .49 650 I 
8 .01 20 .05 90 .01 25 . 35 640 I 9 .02 70 .06 210 . OS 170 . 34 1160 
10 . 02 35 .05 100 .OS 100 . 32 590 I 
11 .01 10 .04 40 .03 35 .70 700 
12 .02 35 .05 95 .05 95 .25 450 I 
13 • OS 70 .07 95 .07 95 .23 330 
I 
TOTAL 635 1530 960 8460 I 
I 
_y D = 0.60 I in., c ='0.01, c. = 0~10 and 0.30 p 1 
~_/D = 0.60 in., c = 0.01, c. = 0.30 and 0.10 I p 1 
]__/ D = 0. 60 and 0. 40 in., c = 0.01, c. = 0.90 I p 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
July 1977, Modified SCS Technique!/ 
1973 2000-Zoning 2000-JPC 
Rtmoff Rtmoff Rtmoff 
Subbasin inches ac-in inches ac-in inches ac-in 
1 .04 75 .04 85 .04 75 
2 .04 130 .04 110 .04 130 
3 .02 60 .04 130 .02 60 
4 .02 45 .01 30 .02 45 
5 .01 25 .02 45 .01 20 
6 .03 70 .03 60 .03 70 
7 .07 95 .08 110 .07 95 
8 0 0 .03 45 0 0 
9• • 02 70 .04 120 .03 100 
10 .01 20 .03 50 .03 50 
11 0 0 .02 25 .01 15 
12 0 0 .01 15 .01 15 
13 .02 30 .02 30 .02 30 
TOTAL 620 855 705 
lf AMC I, v = 4.0, p 4.0 
182 
Ultimate 
Rtmoff 
inches ac-in 
.03 55 
.04 130 
.06 180 
.01 20 
.08 190 
.02 45 
.11 150 
.04 75 
.06 210 
.04 75 
.18 180 
.01 20 
.02 30 
1360 
